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On August 22-24, the XV BRICS Summit was
held in Johannesburg, South Africa, with the par-
ticipation of Brazilian President Lula da Silva;
President of the Russian Federation Vladimir Putin
(via videoconference) and Russian Foreign Minister
Sergey Lavrov in person; Prime Minister of India Nar-
endra Damodardas Modi, President of China Xi Jinping,
President of South Africa Matamela Cyril Ramaphosa.

South African President Matamela Cyril Ramapho-
sa, as Chairman of the Association during this period,
invited leaders from 67 countries, including more than
60 heads of state and government from Africa, and de-
veloping countries from other regions of the world:
Bangladesh, Bolivia, Indonesia and Iran.

A year earlier, at the BRICS foreign ministers’ meet-
ing on May 19, 2022 via videoconference, China pro-
posed to start the process of BRICS enlargement to “en-
hance the Association’s representation and influence in
the world™.

By the beginning of the XV Summit, a number of
countries had applied to join the organisation, includ-
ing Argentina, Iran (announced in June 2022), Algeria
(in November 2022), Saudi Arabia, UAE, Bahrain, Egypt
(in May 2023); Bangladesh, Ethiopia (in June 2023), and
Venezuela (in August 2023). Several other states have
officially expressed their interest in joining the format.

Johannesburg. Nelson Mandela Monument in front of Sandton
City Centre in the square named after him

!What is known about BRICS Association // TASS. URL: https://tass.ru/info/18558683

MISCELLANEA



RiiCE TRANSPORT

ISSUE 3 2023

The University of Johannesburg. Kingsway Campus

BRICS leaders adopted the final Second Johannes-
burg Declaration at the XV BRICS Summit?. According to
the document, six countries — Argentina, Egypt, Egypt,
Ethiopia, Iran, Iran, Saudi Arabia and the UAE - will
join BRICS from 2024. The participants of the Summit
agreed to prepare a new list of possible partners for the
next meeting. South African President Matamela Cyril
Ramaphosa said that BRICS has opened a new chapter
in its history.

BRICS participants are in favour of keeping the
name of the association after expanding the number
of participants, Russian Foreign Minister Sergey Lav-
rov said. “Everyone is in favour of keeping the name, it
has already become a brand. None of the new entrants
to the BRICS ranks suggested otherwise”, he said at a
press conference following the organisation’s summit
in South Africa®.

“BRICS leaders have had the opportunity over the
past two years to negotiate through videoconferences as
well as a full-fledged summit”, South African President
Matamela Cyril Ramaphosa said on August 24. “As a re-
sult of these talks, we have agreed to adopt the Johan-
nesburg Declaration. This document covers a wide range
of issues presented to the leaders, which were negotiated
over nearly a year. The work was done by our experts

and ministers. As a result, we have adopted this docu-
ment. This is the Johannesburg Declaration No.2, and it
has been adopted™.

Russian Foreign Ministry spokeswoman Maria
Zakharova said the results of the summit were bril-
liant. “Isolation” as an American weapon has been de-
feated forever”, she wrote in her Telegram channels5.
Russia, as chair of BRICS next year, intends to hold the
BRICS summit in Kazan in October 2024.

In his speech at the XV BRICS summit at the enlarged
leaders’ meeting on August 23, 2023, Russian President
Vladimir Putin drew attention to the issues of transport
development in the BRICS countries and their coopera-
tion in this area. Putin drew attention to the issues of
transport development of the BRICS countries and their
cooperation in this area, in particular, he said: “An im-
portant priority of BRICS cooperation is the creation of
new sustainable and safe transport routes. Speaking be-
fore the BRICS Business Forum, I have already spoken
about the urgency of accelerated development of trans-
continental routes, such as the North-South corridor,
which will connect Russian ports in the northern seas
and the Baltic Sea with sea terminals on the Persian Gulf
and Indian Ocean coasts and in the future will be able to
ensure annual transit of up to 30 million tonnes of cargo.

20n July 25-27, 2018, the X BRICS Summit was held in Johannesburg, South Africa, which adopted the Johannesburg Declaration,

now referred to as the First Johannesburg Declaration.

*Interestingly, in Chinese, the name of the BRICS Association is denoted by a character §f% (pronounced in English as jin

zhuan) and is read “golden bricks”.

4BRICS will retain its name after six more countries join // RIA Novosti. URL: https://ria.ru/20230824/briks-1891989485.html
SBRICS countries adopted the Johannesburg Declaration at the end of the 15th summit.

MISCELLANEA



RiiCE TRANSPORT

VOL. 2 ISSUE 3 2023

Arab Republic

I

L]

[

Republica Repblica Republic

Argentina Federativa of South
do Brasil Africa

Russian Federation
S E

People's
Republic
of China

Republic
of India

W
=u

Federal Kingdom United Islamic
Democratic of Saudi Arab Republic
Republic Arabia Emirates of Iran

of Ethiopia

BRICS countries. The names of the countries invited to the BRICS following the XV Summit, whose membership will begin in 2024,
are typed in italics’

We believe that the time has come to establish a per-
manent transport commission within the BRICS frame-
work that would deal not only with the North-South pro-
ject, but also more broadly with the development of lo-
gistics and transport corridors, interregional and global.
Ifthe partners agree, the Russian side could work on this
idea within the framework of the BRICS Chairmanship
in 2024s.

Based on open sources

Photo by Egor Komarov

Drawing of flags in the header — source: https.//in-
ternationalbanker.com/finance/why-the-brics-bloc-will-
play-a-crucial-global-economic-role-in-2023/

* %k k

“Summer School - 2023” for international stu-
dents was organised in August 2023 by the Emperor
Alexander I St. Petersburg State Transport University
(PGUPS) with the support of Eurasia International Cor-
poration. As part of the traditional summer programme

for foreigners, a seminar for PRC students studying Rus-
sian as a foreign language was held. The seminar was
attended by students of Nanjing Institute of Railway
Technology (the People’s Republic of China), with which

Chinese students in front of the monument to the organiser
and First Rector of the University Augustin de Betancourt
in front of PGUPS building (PGUPS Press Service)

SBRICS Leaders’ Enlarged Meeting. URL: http://kremlin.ru/events/president/news/72089
7 Collage by E. Komarov on the basis of contour map (URL: https://upload.wikimedia.org/wikipedia/commons/6/6b/Map_of_

BRICS_countries.svg)
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PGUPS maintains long-term cooperation on the basis of
a long-term agreement. The students from China were
taught according to the programme of specially organ-
ised master-classes of intensive Russian language learn-
ing with immersion in the language environment by
experienced teachers. In addition to classroom classes,
the programme included excursions in Russian to the
university, Saint Petersburg and its surroundings.

It is planned that next academic year the Chinese
students who participated in the Summer School will
join the ranks of PGUPS students and start studying
the bachelor’s degree programme “Electric Power En-
gineering and Electrical Engineering”.

3k ok 3k

On August 24-27, 2023, the International Railway
Salon “PRO//Movement.Expo” was held in Saint Peters-
burg. This important event in the field of railway trans-
port was held for the first time on the site of the Mu-
seum of Russian Railways in Saint Petersburg. Samples
of new equipment were presented on the area of more
than seven thousand square metres — in the covered
pavilion, on the open area and on the railway tracks.
The event was attended by more than 130 companies,
including 15 foreign ones, in particular, the car-build-
ing enterprise Jinxi Axle Co. Ltd. and a manufacturer
of railway special machinery, particularly construction
machinery, Shandong Huasheng Zhongtian Engineering
Machinery Co. Ltd. of the People’s Republic of China.

The exposition included 42 units of railway equip-
ment, including more than 30 locomotives and cars, as
well as new electric trains.

Oleg Belozerov, General Director and Chairman of
the Management Board of “Russian Railways”, JSC, to-
gether with other company executives, inspected the
exhibits. Among the latest developments at the exhibi-
tion were presented: hybrid contact-battery DC electric

locomotive EMKAZ2; a new modification of electric train
EGE2Tv “Ivolga 4.0”; DC electric train EP2DM,; electric lo-
comotive 3ES8 “Malakhit”, which will become the basic
platform for the development of the family of electric
locomotives; a model of a prospective capsule passenger
car in the dimension of the rolling stock T; a model of
the updated interior of the SV car and other exhibits.

The PRO//Movement.Expo business programme
included round tables, panel discussions, reports and
communications devoted to the problems of achieving
technological independence of the domestic railway
engineering industry, development of digital technolo-
gies, the latest trends in transport logistics and issues
of international cooperation strategy.

An important event of the business programme was
the panel discussion “Prospects for the Development of
Transport and Railway Engineering. Image of 20307, in
which Oleg Belozerov, General Director and Chairman
of the Management Board of “Russian Railways”, JSC,
took part and made a presentation.

The participants in the discussion presented their
vision of the industry’s development in the near fu-
ture in the context of sanctions restrictions and as-
sessed the importance of consolidating efforts and
co-operation with transport engineering leaders from
friendly countries.

According to Oleg Belozerov, in order to maintain
and strengthen its leading position, Russian Railways,
together with machine-building holdings, will have to
ensure the development and implementation of a num-
ber of innovative technologies by 2030: hydrogen pro-
pulsion systems, unmanned steering and high-speed
railways.

In his speech, Sergey Kobzev, the First Deputy Gen-
eral Director of “Russian Railways”, JSC, said that the
share of foreign components in the Russian rolling
stock currently does not exceed 6 %, and only 6,000 out
of 200,000 units of design documentation are supplied

General view of the complex of pavilions and full-scale exhibits of the Museum of Russian Railways in Saint Petersburg
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Roundtable “The Russian Labour Market: Staff Training at Universities and Competition for Talent among Employers”

by foreign companies®. “Russian Railways”, JSC, togeth-
er with machine-building companies, is certifying and
organising serial production of new domestic models
that will replace imported component parts.

Dmitriy Pegov, General Deputy Director of “Russian
Railways”, JSC and Head of the Traction Directorate,
spoke about import substitution programmes using the
example of electric trains. “We organised the mainte-
nance of Sapsan and Lastochka trains using our own
resources in almost a month — in the shortest possible
time we set up our own company, which took the initia-
tive to carry out maintenance, and the process of transi-
tion to maintenance of trains exclusively using our own
resources is proceeding as planned”.

Effective discussions were devoted to the pros-
pects of domestic car building. Dmitriy Pegov, Deputy
General Director of “Russian Railways”, JSC, together

with representatives of manufacturing companies,
presented a model of passenger carriages taking into
account passenger demands. At present, the possibility
of developing a permanent passenger train of the Push-
Pull type consisting of a two-system electric locomo-
tive, double-deck cars and a double-deck end car with
a control cabin is being considered.

Representatives of railway enterprises and indus-
try-specific universities showed great interest in the
round table “The Russian Labour Market: Staff Train-
ing at Universities and Competition for Talent among
Employers”. It was attended by major experts in the
field of transport staffing, including Dmitriy Shakh-
anov, Deputy General Director of “Russian Railways”,
JSC, and Oleg Valinskiy, Rector of PGUPS.

Dmitriy Shakhanov noted that in order to attract
new employees, the holding company has developed

8 The International Railway Salon “PRO//Movement.Expo: took place in Saint Petersburg on August 24-27. URL: https://

railwayforum.ru/news/?ID=13011
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Dmitriy Shakhanov (left) and Oleg Valinskiy, participants
of the roundtable “The Russian Labour Market:
Staff Training at Universities and Competition for Talent
among Employers”

a set of tools under the general name “Russian Rail-
ways — for people of business”, he also formulated the
key advantages of the company as an employer: scale,
technology and care for employees’.

The exposition of the Emperor Alexander I St. Pe-
tersburg State Transport University at the exhibition
of the salon was unfolded, where the developments
of the University’s employees and students were pre-
sented, in particular, a pilot plant made by students
of the Department of Locomotives and Locomotive
Maintenance, with the consulting assistance of the
Department of Electrical Engineering and Heat En-
gineering. The essence of the device proposed by
students Danil Taritsin, Danil Orlov and Alexander
Petukhov is to create a non-contact drive using per-
manent magnets for locomotive auxiliary devices, for
example, compressors and fans of the diesel refrig-
erator.

A number of agreements between business part-
ners were signed during the PRO//Movement.Expo
salon. In particular, the Emperor Alexander I St. Pe-
tersburg State Transport University signed a coopera-
tion agreement with Joint Stock Company “Research
Institute of Railway Transport” ("VNIIZhT”, JSC), which
provides for mutually beneficial cooperation aimed at
the development of educational, scientific, innovative
and research activities of PGUPS, improving the qual-
ity of training and retraining of personnel for railway
transport. The parties intend to participate in the con-
sortium within the framework of cooperation under
the Priority 2030 strategic academic leadership pro-
gramme and the development of technological leader-
ship in the target areas of activity established by this
programme.

The University also signed a plan of joint work until
2025 with the car building company “MC RM Rail”, LLC.
The plan provides for a wide range of joint scientific,
academic, cultural and educational activities aimed at

MISCELLANEA

research in the field of car design and production and
training of specialists for the industry.

On August 26-27, after the official part of the PRO//
Movement.Expo salon, designed for specialists, Open
Road Days were organised for all interested citizens
and guests of Saint Petersburg. The complex of the
Museum of Russian Railways and exhibition grounds
were visited by more than 11 thousand people. On the
platform tracks of the Baltiyskiy railway station there
was organised a display of operating machinery: steam

PGUPS students demonstrate their presentation of experimental
plant of non-contact drive with permanent magnets
(pictured in the foreground, left to right): Danil Taritsin,
Alexander Petukhov and Danil Orlov

Tamila Titova First Vice Rector, Vice Rector for Scientific Work

during the presentation of experimental plant of non-contact

drive with permanent magnets. Alexander Petukhov (left) and

Danil Orlov (right), the students of Emperor Alexander | State
Transport University present the plant
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Sergey Vinogradov (left), General Director of VNIIZhT,
and Oleg Valinskiy, Rector of PGUPS, sign the co-operation
agreement

locomotives of CO and P36 series, electric locomotives
of CS2 and CS6 series and other locomotives.

The guests of the Open Road Days were welcomed
with various excursions, thematic exhibitions for adult
visitors and children of different ages, and quizzes.

N"'§ PRO [BUKEHME ~

IN: THE AR

After signing the plan of joint work until 2025,“MC RM Rail”, LLC
and PGUPS - exchange of signed documents and handshake:
General Director of “MC RM Rail”, LLC Maksim Teves (left)
and Rector of PGUPS Oleg Valinskiy

Visitors could watch the parade of operating vin-
tage steam locomotives, electric and diesel locomo-
tives, as well as new developments of rolling stock,
which Russian railway workers are proud of, from the
stands along the railway tracks.

Photo report
THE OPEN ROAD DAYS

Classes for young visitors of the exhibition on training facilities (simulators) and business games
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Parade of Locomotives

The PRO//Movement.Expo Salon has become an important event not only in scientific, engineering, economic,
but also cultural life of Russia and Saint Petersburg.

Based on the materials of “Gudok” Publishing House (URL: https://railwayforum.ru/news/?ID=13011).

Photo provided by the Corporate Communications Service of the Oktyabrskaya Railway, a branch of Russian
Railways, and the press service of the Museum of Russian Railways.
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As part of the Moscow Urban Forum, the BRICS
International Innovation Forum was held in Mos-
cow on August 27-29, 2023, which brought together
more than 4,000 participants from 30 countries. The
business programme, which included 50 thematic ses-
sions, featured more than 130 Russian-speaking and
70 foreign speakers from the UAE, Saudi Arabia, China,
Japan, Serbia, South Africa, India and other countries.

The forum addressed the issues of sustainable de-
velopment of the urban environment, including trans-
port problems, various aspects of social and economic
life of modern megacities.

The business platforms became the place to discuss
the basics of creating a “cloud city”, which will help
to make a smart urban “revolution” oriented towards
economy, state and person.

The business programme “Human” dealt with the
issues of sharing economy, new services and services.
The Economy programme offered a new perspective
on the development of infrastructure, services and
scientific and technical research. The panel discus-
sions focused on the topics of digitalisation and cloud
infrastructure of cities, economics and technological
transformation of urban and banking services that
are changing our lives. A separate discussion was held
on the issue of “Technology for Human or Human for
Technology”.

PGUPS was represented at the forum by Andrey
Lang and Nikita Labutin, graduate students of the

My 5
"HOBALWIA 5Py

BRICS lr~lTEF~’.NATIONAL IN

Panel discussion at the forum
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International Forum participants Alina Yurchenko (left)
and Tatiana Ageeva

Bridges Department, and Tatiana Ageeva and Alina
Yurchenko, master’s students, who presented their re-
ports.

PGUPS Press Service (PGUPS photo)

¥k ok 3k

On September 1, 2023, the Emperor Alexander I
St. Petersburg State Transport University held a sol-
emn ceremony dedicated to the Day of Knowledge.
According to the established tradition, the holiday was
held in the square of the Yusupov Palace on the Fon-
tanka River.

Rector of PGUPS Oleg Valinskiy addressed the
first-year students with a farewell speech: “This is a
particularly exciting day for me, because I am also a
first-year student, for me it is the first academic year
in a new position at our wonderful university. A uni-
versity that has a history of 214 years. During these
years it has been increasing its competences, training
specialists for the railways, metro and other important
enterprises of our Motherland. I think that you, as stu-
dents joining our staff, will support the traditions exist-
ing in the university, become talented specialists and
increase the glory of the Leningrad Institute of Railway
Engineers”.
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The palace of the Yusupov Princes on the Fontanka embankment in Saint Petersburg. Architect G. Quarenghi, late 18th century.
On November 1, 1810, students of the first engineering transport university in Russia — now Emperor Alexander | St. Petersburg State
Transport University (PGUPS) - began their studies in this building. The garden of the Yusupov Palace (Yusupov Garden) traditionally

hosts university students’ festivals. Photo by Egor Komarov

From left to right: guests of honour: Viktor Golomolzin, Head of the Oktyabrskaya Railway - a branch of “Russian Railways”, JSC;
Nikita Kamenir, Head of the North-West Territorial Administration of the Federal Railway Transport Agency; Oleg Valinskiy, Rector
of PGUPS; Oleg Belozerov, General Director and Chairman of the Management Board of “Russian Railways”, JSC; Kirill Polyakov,
Vice-Governor of Saint Petersburg; Natalia Astakhova, Member of the Legislative Assembly of Saint Petersburg; Denis Shevchenko,
Transport Prosecutor of Saint Petersburg, and Evgeniy Kozin, Head of the Saint Petersburg Metro. Oleg Belozerov, General Director
and Chairman of the Management Board of “Russian Railways” is reporting his speech

MISCELLANEA 10
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First-year students of PGUPS at celebration of the Day of Knowledge

Oleg Belozerov, General Director and Chairman
of the Management Board of “Russian Railways”, JSC,
Chairman of the Board of Trustees of PGUPS, said:
“Dear friends, the fact that you are here today is already
a certain success, you have passed the entrance tests,
you have decided on your future profession. Now our

task is to persuade you to come to our company after
graduation. Russian railways are developing, and each
of you will find interesting and promising work for en-
ergetic people, for people of business. Railways move by
people’s energy and we need your energy and knowledge
very much”.

The part of the celebration adapted for stage. The symbolic student card is handed over by the university rector Oleg Valinskiy and
the university organiser Augustin de Betancourt, performed by Associate Professor Evgeniy Korovyakovskiy

MISCELLANEA
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According to tradition, first-year students laid flowers at the monument to the monument to the organiser of the university, the First
Rector Augustin de Betancourt

MISCELLANEA 12
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The audience was greeted by the guests of hon-
our: Nikita Kamenir, a graduate of PGUPS, Head of the
North-West Territorial Department of the Federal Rail-
way Transport Agency; Kirill Polyakov, Vice-Governor
of Saint Petersburg; Evgeniy Kozin, a graduate of the
university, head of Saint Petersburg Metro, who con-
gratulated professors, teachers and students on the Day
of Knowledge and wished them success.

In the theatrical part of the holiday the organiser
and the First Rector of the University, Engineer, Archi-
tect, Scientist Augustin de Betancourt, whose role was
played by Associate Professor Evgeniy Korovyakovskiy,
addressed the first-year students. By his decree he or-
dered to light the symbolic fire of knowledge “as an eter-
nal symbol of the movement from the darkness of igno-
rance to the light of knowledge”, which was performed
by Nikolay Bushuev, an honourable lecturer of PGUPS.

At the end of the celebration, Rector Oleg Valinskiy
presented representatives of first-year students with a
symbolic student ticket. The 214th academic year be-
gan at the Emperor Alexander I St. Petersburg State
Transport University.

Egor Komarov. Photo of PGUPS

Xk ok 3k

A regular meeting of the Board of Trustees of the
Emperor Alexander I St. Petersburg State Trans-
port University was held on September 1 under the
chairmanship of Oleg Belozerov, General Director
and Chairman of the Management Board of “Rus-
sian Railways”. JSC.

They considered the following issues: the results
of implementation of the Development Programme of

the Emperor Alexander I St. Petersburg State Transport
University for 2019-2023 in 2019-2022; joint activities
of PGUPS and “Russian Railways”, JSC, for advanced
training of specialists; preparation for the events
scheduled for 2024 dedicated to the memory of Augus-
tin de Betancourt — the First Rector of the Leningrad
Institute of Railway Engineers, General Director of Rail-
way Engineering of the Russian Empire (to the 200th
anniversary of the death of A.A. de Betancourt on 26
July 2024). Specific decisions were made on the issues
considered.

The meeting approved the new composition of
the Board of Trustees: Oleg Belozerov — General Di-
rector and Chairman of the Management Board of
“Russian Railways”, JSC, Chairman of the Board of
Trustees of PGUPS; Oleg Valinskiy — Rector of PGUPS;
Vladimir Garyugin - Honorary Citizen of Saint Peters-
burg; Viktor Golomolzin — Head of the Oktyabrskaya
Railway — branch of “Russian Railways”, JSC; Aleksey
Druzhinin - Head of the Federal Agency for Railway
Transport; Evgeniy Kozin — Head of the State Unitary
Enterprise “Saint Petersburg Metro”; Anatoliy Kras-
noshchek - Senior Advisor to the Director General of
“Russian Railways”, JSC; Jakob Kraft, General Direc-
tor of Yamal Railway Company; Kirill Lipa, General
Director of “Transmashholding”, JSC; Viktor Lobko,
President of PGUPS Alumni Corps; Kirill Polyakov,
Vice-Governor of Saint Petersburg; Igor Romashov,
Chairman of the Board of Directors of “Transoil”, LLC,
Chairman of the Board of Trustees of the PGUPS De-
velopment Assistance Fund; Valeriy Tanaev, Head of
Moscow Railway, a branch of “Russian Railways”, JSC.
PGUPS Professor Igor Kiselev was reappointed Secre-
tary of the Council.

Meeting of the Board of Trustees of the Emperor Alexander | St. Petersburg State Transport University, 1 September 2023,
St. Petersburg. Photo by PGUPS
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Emperor Alexander I St. Petersburg State Transport
University is the first engineering and transportation
university in Russia. It was founded on November 20
(December 2), 1809, by the Manifesto of Emperor Alex-
ander I, the highest state legal act, as the Institute of the
Corps of Railway Engineers. The first rector (inspector)
and organizer of the Institute — Augustin Betancourt
(1758-1824) — an outstanding engineer, scientist, archi-
tect and builder, statesman of Spain and Russia, was
invited to serve personally by Emperor Alexander in
1808.

From 1924 the University was called the Leningrad
Institute of Transport Engineers, from 1930 it was
called the Leningrad Institute of Railway Engineers
(LIIZhT), on the basis of its faculties four independent
universities were created: the Leningrad Institute of
Water Transport Engineers (1930), Leningrad Institute
of Civil Air Fleet Engineers (1930), Leningrad Road In-
stitute (1931), and Military Transport Academy (1938).

ADVANCED ENGINEERING TRAINING FOR THE ECONOMY 4.0

In 1993, LIIZhT received the status of a university
and its modern name; in 2014, the name of its founder,
Emperor Alexander I, was returned to the name of the
university. Initially, the Institute trained railway spe-
cialists of a wide profile. In the late 1830s, in connec-
tion with the beginning of the construction of railways
in Russia, special sections related to the new type of
transport — the most advanced in the XIX century - rail-
way - were included in the curriculum of the course of
construction art.

The activity of professors and graduates of the In-
stitute ensured the construction of the most impor-
tant railways of the country: St. Petersburg — Moscow,
Transsib (Great Siberian Way), Turksib (Turkestan — Si-
berian Railway), Baikal - Amur Mainline (BAM), etc.;
construction of subways in Moscow, Leningrad and
other cities; the largest bridges, tunnels, canals, ports,
hydroelectric power plants, creation of ground trans-
portation infrastructure of Baikonur Cosmodrome, etc.
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In the XX century the scientists of the Institute laid
the foundations of scientific approach to the creation
of aviation and automobile transport, introduction of
electric and diesel locomotive traction on railways, ad-
vanced traffic control systems. Currently, scientists and
specialists of the University are actively involved in the
implementation of the largest infrastructure projects
of the country: modernization of BAM and Transsib,
development of the Moscow transport hub, creation
of high-speed railways, construction of the Crimean
Bridge, etc.

In 2021, as a result of a competitive selection pro-
cess, the university entered the state program for the
development of higher education organizations as part
of the implementation of strategic academic leadership
“Priority 2030”.

For great merits in the development of transport
and training of specialists the university was award-
ed the highest state awards of the USSR: the Order

Emperor Alexander | St. Petersburg State Transport University (PGUPS);

Saint Petersburg, Russian Federation

of Lenin (1945) and the Order of October Revolution
(1984). In the structure of the university (2023): 2 in-
stitutes, 7 faculties, 13 branches, including 2 branches
implementing programs of higher and secondary voca-
tional education, 13 branches — secondary vocational
education; library — the oldest (1809) and the largest,
specializing in engineering and technical literature
(more than 1.3 million items of storage, including the
fund of rare books, manuscripts and drawings); mu-
seum; out-of-town geodesic base with scientific and
educational railway training ground. Periodicals of
the university: “Bulletin of St. Petersburg University of
Railway Transport” (1884), magazine “Transport of the
Russian Federation” (2005), “BRICS Transport” (2022)
and others. The university has more than 20 thousand
students (2023). PGUPS has wide and versatile inter-
national relations. More than 10 % of the contingent
of students studying in higher education programs are
foreigners.

The article was submitted on 04.08.2023; accepted for publication on 30.08.2023.
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ABSTRAC Emperor Alexander | St. Petersburg State Transport University is the only one of the universities subordinate
to the Federal Agency for Railway Transport, which in 2021, among other 106 Russian universities, was
awarded the basic part of the grant of the Priority 2030 program.

The Priority 2030 Program, approved by the Government of the Russian Federation, concentrates resources to ensure the
contribution of Russian universities to achieving the national development goals of the Russian Federation for the period up
to 2030.The program is aimed at increasing the scientific and educational potential of universities and scientific organizations,
as well as ensuring the participation of educational organizations of higher education in the socio-economic development of
the subjects of the Russian Federation.

Participation in this program opens up wide opportunities for import substitution and contributes to the university’s going
beyond solving urgent problems limited exclusively by the activities of railway transport.

During 2021-2022, Emperor Alexander | St. Petersburg State Transport University successfully implements all the projects
outlined by the program and confidently reaches the goals it has set.

The article briefly describes the key tracks of the university’s development during the implementation of the development
program until 2030, as well as scientific and practical achievements obtained within the framework of strategic projects as
of 2023.

KEYWORD . higher education; transport; transport universities; import substitution; academic leadership “Priority
. 20307
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Muccus MNetepbyprckoro rocyaapcTBeHHOro yHMBepcuTeTa nyTen
coobuweHna numnepaTtopa AnekcaHgpa |

T.C. TutoBa
MeTepbyprckuit rocyaapcTBEHHbIV yHUBEpCUTET myTeli coobuienmns Mmnepatopa Anekcanapa | (NIYNC); r. Cankr-Metep6ypr, Poccus; titova@pgups.ru;
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AH HOTA M MeTepbyprckuii rocynapcTBeHHbIN yHMBEpCUTeT nyTei coobuwenns Mmnepatopa Anekcangpa | (MIYMC) -
€[MHCTBEHHbIN U3 NOABEAOMCTBEHHbIX DefepanbHOMY areHTCTBY KeNe3HOA0POXKHOIo TPaHCNopTa By30B,

koTopbit B 2021 r. B uncne gpyrnx 106 poccMMCKMX yHMBEPCUTETOB Obin yA0CTOEH 63a30BOM YacTM rpaHTa nporpammsl “MNpuopu-
Tet 2030

Mporpamma “Mpuoputet 2030” yTBepXAeHHas [MpaBuTenbctBoM Poccuickon Mepepaumm, KOHLEHTPUPYET pecypcbl ans obec-
neYyeHms BKIaga POCCUIUCKMX YHUBEPCUTETOB B AOCTMXKEHME HALUMOHANbHbIX Lenei pa3sutus PO Ha nepuog no 2030 r. OHa Ha-
npasfieHa Ha NoBbllLeHMe Hay4YHO-06Pa30BaTeNbHOIO NOTEHLMANA YHUBEPCUTETOB U HAYYHbIX OpraHM3aLuii, obecrneyeHune yqactus
obpazoBaTenbHbIX OpraHM3aLmii Boiclero 06pasoBaHus B COLMANbHO-3KOHOMUYECKOM pa3BUTUM CybbekToB PO.

© Tamila S.Titova, 2023
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YyacTve B nporpamMMe OTKPbIBAET WMPOKME BO3MOXKHOCTHU AJISi UMMOPTO3aMELLEHUS M CMOCOOCTBYET BbIXOAY BY3a 3a Npesesbl
pEeLUEHUs aKTyaNlbHbIX 33[,a4, OFPAHUYEHHBIX UCK/TIOUUTENBHO AESTENbHOCTbO XKENEe3HOA0POXKHOMO TpaHCnopTa.
Ha npotsxenmn 2021-2022 rr. MTYMNC ycnewHo BbINOMHSET BCE HAMEYEHHble NPOrpaMMoNi NPOEeKTbl U YBEPEHHO BbIXOAUT

Ha OOCTUXXEHUE HAaMEYEHHbIX el Lienew.

I'Ipe,D,CTaBneHa KpaTKaga XapakKTepuUCTnKa KNH4YeBbIX TDEKOB Pa3BUTUA YHUBEPCUTETA NMPU peanm3aunm nporpaMmmbl passnutua 0o
2030 r., a Takke Hay4YHO-NpaKTU4eCckne OOCTMXEeHUA, NONTyYEHHbIE B paMKaX CTpaTerM4eCKnUX NpoOeKTOB N0 COCTOAHUIO Ha 2023 .

KJIO4EBDIE C/10B

, YHWBEpCWTETbI; TPAHCMOPT; TpaHCNOPTHOe 06pa3oBaHue; MMNOPTO3aMelleHMe; NporpamMMa
+ CTpaTerMyeckoro akasemuyeckoro nuaepcrea “Mpuoputet 2030”

[na uutuposanua: Tumosa T.C. Muccus MeTep6yprckoro rocyaapCTBEHHOr0 yHMBEpPCUTETA NyTel coobleHns Mmnepatopa
Anekcangpa | // Tpancnopt BPUKC. T. 2. Bein. 3. Ct. 2. https://doi.org/10.46684/2023.2.2.

Emperor Alexander I St. Petersburg State Transport
University (PGUPS) is the only university subordinate
to the Federal Railway Transport Agency (Roszheldor),
which in 2021 among other 106 Russian universities
was awarded the basic part of the grant of the Priority
2030 program and included by the decision of the Min-
ister of Science and Higher Education of the Russian
Federation in the state program of strategic academic
leadership “Priority 2030”.

The university’s participation in the Priority 2030
program is another confirmation of its high profes-
sional ambitions. The university development by 2030
is connected with the need to form an engineering van-
guard to ensure Russia’s intellectual sovereignty. This
target image was formed and transformed taking into
account the well-known events of the past years.

The strategic mission of the university to create fun-
damentally new engineering, technology and human
capital development is relevant.

PGUPS realizes a matrix of policies, which are
linked through strategic projects. Until this year, the
university worked on four such projects: “Develop-
ment of High-Speed Railway Service and Magnetolevi-
tation Technologies”, “Safe Transportation Ecosystem
of Mainline Infrastructure”, “Development of Trans-
portation Infrastructure Facilities in the Arctic Zone of
Russia”, and “Digital Ecosystem of Intellectual Priori-
ties for Transportation and Logistics”.

Recognizing the changes in geopolitics and shifting
agenda, PGUPS has revised the set of implemented stra-
tegic directions, clarified the vectors of development
in all relevant areas. The University relies on the rec-
ommendations of experts of the operator of the largest
state programs for the development of Russian univer-
sities, the Centre for Sociological Research (Sociocen-
tre), proposed in 2022. Currently, PGUPS is implement-
ing two strategic projects: “Safe Ecosystem of Intelli-
gent Transport Infrastructure” and “New Technologies
and Materials in Construction”.

In order to consolidate the scientific potential and
resources of PGUPS following the first, most difficult

ADVANCED ENGINEERING TRAINING FOR THE ECONOMY 4.0

period of the Priority 2030 program implementa-
tion, PGUPS focused on two strategic areas useful for
strengthening Russia’s technological sovereignty in the
“grocery shelf” format:

e development of digital solutions;

e creation of new materials.

A modern higher education institution is the coun-
try of tomorrow in terms of material, technical and
laboratory facilities, innovative environment, support
for young scientists, preservation of traditions of the
best engineering education and accretion of industry
values. Only the presence of all the above components
will provide the university with a guaranteed qualita-
tive evolution.

In research policy, the key result should be the in-
crease in 2030 compared to 2020 of the volume of re-
search and development (R&D) per one scientific and
pedagogical employee by more than two times; the vol-
ume of expenditures on scientific development from
own funds per one scientific and pedagogical employee
by 19 times; the number of publications indexed in rec-
ognized science databases by more than two times.

The new challenges and demands of a volatile econ-
omy in an anti-globalization environment require from
a modern university an appropriate response, which
can and should be manifested in the unique charac-
teristics of the main products of the university: knowl-
edge, innovation and human capital.

In this regard, PGUPS has transformed the para-
digm of further development in terms of protecting
technological sovereignty, ensuring the sustainability
of the university ecosystem in a volatile economy. The
university relies on lean technologies that consist-
ently realize continuous improvements relevant to the
market. A lot of analytical work has been carried out,
which resulted not only in reconfiguring strategic pro-
jects, but also in clarifying the functional role of part-
nerships on the actual ways of development of modern
economy.

The mission of the university in the conditions of
import substitution, localization of production within
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the country and accelerated formation of end-to-end
technologies is the accumulation and implementation
of new practices, breakthrough developments relevant
for the development of a new technological mode. Tak-
ing into account the fact that for more than two hun-
dred years PGUPS has been an advanced educational,
research and production complex with a modern scien-
tific and experimental base and acts as a growth point
of national transportation education, science and in-
novation, it can be stated that the university has the
necessary competencies.

Today scientists of PGUPS solve applied scientific
and practical problems for the transportation indus-
try of Saint Petersburg and the Russian Federation.
The scientific infrastructure of the university is one
of the largest in the country, based on the functioning
of 17 leading scientific schools. The oldest of them are
the schools of bridge and tunnel engineering, rolling
stock, construction material science, automation and
telemechanics, train traffic control, as well as railways
of mainline, industrial and urban transportation.

The university has developed innovative techno-
logical solutions for the construction of fast-erecting
buildings required for the sustainable development of
Russian regions.

PGUPS scientists have patented a domestic environ-
mentally friendly thermal insulation material, the use
of which is oriented towards harsh climatic conditions.

In order to ensure the digital transformation of the
transport industry, the university created a domestic
end-to-end intellectual technology that allows organ-
izing safe train traffic in automatic mode.

In 2022, PGUPS entered new markets that are be-
yond the typical markets of an industry-specific univer-
sity. The range of research performed by the university
has expanded: for the first time, most of the customers
were not only Russian Railways, but also other repre-
sentatives of real business.

The “Priority 2030” program also provides for the
allocation of funds for the renovation of the laboratory
research base for applied research in areas critical for
the Russian Federation and relevant in the context of
import substitution. The renewal process has already
begun.

The university is keeping up with the times, four
new laboratories have been put into operation in 2022
to perform relevant world-class research: the laborato-
ry of digital modelling of high-speed railway construc-
tion; the training laboratory “Microprocessor and Elec-
tronic Telemechanical Devices of Railway Automation
and Telemechanics”; geotechnical testing centre; and
laboratory “Internet of Things”. They will make it pos-
sible to develop hardware and software complexes for
operational deployment from domestic components,
create innovative construction materials with unique
characteristics, conduct expert examinations with
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the use of digital twins and tests of magnetolevitation
transportation technology.

PGUPS meets the changes with fundamentally new
competencies, breakthrough developments, new for-
mats of education and academic cooperation, and in-
novative infrastructure.

The implementation of strategic projects, as the
main drivers of the program, took place in accord-
ance with the adopted roadmap. A distinctive feature
was the integration of a number of projects within the
framework of individual studies, conducted, among
other things, at the new laboratory base.

The laboratory base is being actively developed,
which allows the university to conduct R&D that meets
the national goals of increasing railway capacity and
Arctic transport development, implement new edu-
cational programs and offer products relevant to the
challenges to Russia’s technological sovereignty.

The PGUPS development program is based on three
pillars: new formats of cooperation, new models of ed-
ucation and implementation of a new pool of strategic
projects.

During the period of participation in the program,
the university has successfully implemented a model
of ecosystem management of scientific and educational
space, in which the vertical management is implement-
ed by deputy heads of scientific direction appointed
from among reputable scientists. The routes of the
technological direction as a whole are determined by
the scientific manager from production. The manage-
ment horizon - for the head of educational programs
from PGUPS and for the expert — the head of produc-
tion — a top manager of a high-tech company. Training
is based on flexible modules with “individual construc-
tor” competencies. It is at their intersection that growth
points are created and the skills of a unique specialist
capable of managing the full life cycle of projects, inno-
vations and high-tech production useful for the import
substitution economy are formed.

Examples of successful achievements are a set of
microprocessor systems based on microcomputers
and programmable controllers developed by PGUPS
scientists. All systems are based on domestic software
and hardware technical solutions and cover the whole
range of needs of mainline, industrial transport and
subways in control of railway automation and teleme-
chanics devices. More than 30 patents have been ob-
tained and dozens of license agreements have been
concluded. The geography of implementation of mi-
croprocessor-based centralization systems is extensive:
more than 250 stations on the railways of Russia and
23 foreign countries, subways of six cities in Russia and
CIS countries.

In 2022, PGUPS expanded the range of scientific re-
search carried out on a customer-specific and turnkey
basis. The university also performs R&D for business
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to meet the challenges of Industry 4.0, where priorities
are set not only by customers, but also by the market.

PGUPS has long gone beyond the boundaries of an
industry-specific university. A vivid example is the con-
struction of a modern automated plant for the produc-
tion of aerated concrete in Orenburg. This large-scale
project was preceded by 10 years of scientific research
of the university scientists on the development of struc-
tural and heat-insulating concrete. The new material
is characterized by a unique combination of increased
strength, operational reliability with improved heat
and sound insulation properties, which has no ana-
logues at present. The material possesses world nov-
elty: 12 patents have been obtained on this topic and
more than 70 scientific papers have been published.
This complex project took into account both the cus-
tomer’s requirements and national priorities for locali-
zation of production within the country.

Speaking about the indicators of ongoing changes
and transformation of the university within the frame-
work of the Priority 2030 program, we can distinguish
four groups of changes observed today.

1. Educational. This is the implementation of new
educational programs and new competencies through
the prism of project management. The indicator is the
growth rate of the number of students.

Bionotes
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2. Infrastructural. PGUPS creates its own hub of
know-how from a number of new units for commer-
cialization of scientific results. The indicator is the
qualitative increase of comfortable labour and leisure
spaces.

3. Research, because new topics of ambitious re-
search meet national goals and require the develop-
ment of new directions. And this is possible only in co-
operation. Indicator — growth of the share of commer-
cialization of scientific developments and the number
of partners.

4. Creation of a team of young scientists to imple-
ment these changes. Today it includes 88 people, only
full-time scientific and pedagogical staff. Indicator — the
share of young employees aged under 39, working in
the university.

The UNESCO report dated 04.03.2021 “Engineering
for Sustainable Development” states that “the training
of engineers requires not only new professional qualities,
including creative learning and thinking, complex prob-
lem solving, interdisciplinary and international coopera-
tion and a code of ethics, but also requires changes in
the training of the engineering profession itself”. PGUPS
is able to guarantee the knowledge-intensive develop-
ment of transportation and stable supply of Industry
4.0 with human capital of a new formation.
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ABSTRAC By the second decade of the XXI century, the railway transport of India came up with an important result —

the Program announced on April 1,1992, called Unigauge for the transfer of the railway network to a single
gauge of 1676 mm was basically completed. In 2022, the operational length of wide-gauge roads on the Indian railway network
was 65,094 km, or 95.7 % of its entire length. This opened up the possibility of creating a modern unified railway transport
system and organizing its optimal interaction with other modes of transport.

The management of the railway transport of India, represented by the Ministry of Railways, has focused efforts on the
modernization of all components of the large railway economy — strengthening track structures, upgrading bridge facilities,
introducing modern means of ensuring train traffic and transportation safety, updating rolling stock. The basis for improving the
work of railway transport is the electrification of railways, the completion of which is planned in the next decade.

All decisions taken to modernize railways are aimed at reducing operating costs, improving efficiency, environmental cleanli-
ness, comfort and speed of passenger travel, reducing the delivery time of goods, as well as improving the safety of transporta-
tion by rail.

KEYWO RDS. Indian Railways; history of transport; modernisation; electrification; increased economy and environmen-
. tal friendliness of the transport; increased speed of freight and passenger delivery

For citation: Zakharov V.B., Komarov E. Railways of India. Time to update and upgrade. BRICS transport. 2023; 2(3):3. https://doi.
org/10.46684/2023.3.3.
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AH HOTA M Ko Bropomy aecatunetuio XX| cTonetus xenesHoA40pPOXHbIN TpaHCcnopT MHAMK nofoLwen ¢ BaXHbIM pe-
3yNbTaTOM — B OCHOBHOM 3aBepLueHa obbsBneHHas 1 anpens 1992 r.Mporpamma, nonyymsLueii Ha3BaHue

Unigauge no nepeBoay ene3Ho[0pOXKHOW CETU Ha efuHyto koneto 1676 MM. B 2022 r. Ha Kene3HO[0pOXHOM ceTu MHaum akcnny-
aTalUMOHHas ANMHA JOPOT WUPOKOW Koneun coctaBnana 65 094 km unu 95,7 % Bcelt ee NPOTHKEHHOCTU. TO OTKPbIIO BO3MOXKHOCTb
[NS CO3[aHMS COBPEMEHHOW eMHOM TPAHCMOPTHOM CUCTEMbI XKeNe3HbIX LOPOr U OpraHu3aLmu ee ONTUManbHOro B3aMMOAENCTBUS
C ApYyrMMU BUAAMM TpAHCMOPTa.

MUHKCTEpCTBA Xene3Hbix 4opor MHAMKM cOCpefoToumnIo yCuamsa Ha MOLepHU3aLLMU BCEX KOMMOHEHTOB 6OMbLIOIO XenesHo-
[LOPOXXHOTO X035IMCTBA — YCUNIEHUM KOHCTPYKLMI NyTU, MOLEPHM3ALLMM MOCTOBOMO X034ACTBA, BHELPEHUS COBPEMEHHbIX CPEACTB

© V.B. Zakharov, E. Komarov, 2023
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obecneyeHns OBUXKEHUS MOE3,0B M HE30MacCHOCTH nepeso30K, 06HOBNEHMSI MOABMXKHOMO COCTaBa. B OCHOBY COBEPLUEHCTBOBAHMA
pa60TbI XKene3Ho40pOoXXHOro TpaHCNopTa NMoJioXXeHa 3ﬂeKTpIA¢VIKaLI,VIﬂ XXene3sHblX Aopor, 3aBeplieHune KOTOpOl\/'I nnaHnpyeTcqa B

BGnmKanLwem AecaTuneTmun.

Bce npUHMMaeMble peleHna No MoAEPHU3ALNN XKeNne3HbIX AOPOr HarnpaBi€Hbl HA CHUXXEHME 3KCMTyaTalMOHHbIX pacXonoB,
noBbllleHne Bd)q)eKTl/IBHOCTl/I, 3KONOrMYeCcKom YUCTOThlI, KOMd)OpTa M CKOPOCTK npoe3aa nacca>mpoe, COKpalleHne CpoKoB A0CTaB-
KW TPpy30B, @ TaKXXe NnoBbllWeHNe 6e3onacHoCTH nepeBO30K NO Xelie3HbIM AoporaMm.

KJIO4EBDIE C/10B

rPY30B M NacCcaxnpos

, XenesHble foporu MIHauKW; UCTopWs TpaHCMopTa; MOLEPHM3ALMS; NEKTPUDUKALMS; NOBbILLE-
+ HWE 3KOHOMMYHOCTM U IKONIOTMYECKOM YMCTOTbI MEPEBO30K; YBENMUYEHUE CKOPOCTU AOCTABKM

[nsa umuruposauus: 3axapos B.b., Komapos E. XXenesHble noporv MHauu: Bpems o6HoBReHUs U MofepHu3aumm // TpaHcnopt BPUKC.

2023.T. 2. Bbin. 3. Cr. 3. https://doi.org/10.46684/2023.3.3.

CURRENT STATE OF INDIA'S RAILWAY
TRANSPORT AND PROSPECTS FOR ITS
DEVELOPMENT

As noted earlier, India’s state railways rank fourth
in the world in terms of track length (68,193 km). To-
day, the Indian railway network is almost entirely on
the 1676 mm wide gauge (95.7 per cent of the opera-
tional length). In terms of railway density — the num-
ber of kilometres of operational length per 1,000 km? of
territory — India, compared to other countries, is in the
middle of the list — 20.4 km/1,000 km?, ahead of China
(11.4) and four times higher than Russia (5.0). How-
ever, such an important indicator as the operational
length of lines with two or more main tracks — 41.2 %
of the total — needs to be improved. The relative indi-
cator of the number of personnel engaged in railway
operation is high; according to the given indicator per
1,000 km of operational length, it is 17.8 thousand per-
sons (Table 1).

Indian Railways lags behind the other three largest
railways in the world in terms of length: the US, China
and Russia in terms of such an important indicator
characterising transport output per unit length of the
railway network as freight work per kilometre of op-
erating length (freight load). The record holder in this
indicator — Russian railways — has this value equal
to 29.7 million tkm/km of operating length, while
in China - 21.9; in the USA - 14.13; in India - 10.41
(Table 1).

The number of passengers carried in the first “Cov-
id” year (2020) on Indian railways is 8086 million — is
the highest in the world (in 2022, the number of pas-
sengers carried on Indian railways fell to 3,519 mil-
lion), but if we look at it in comparison to the number

of population, it is not that much. India has 17 times
the population of Germany, but Indian railways carried
only twice as many passengers as German railways
in 2022.

However, the passenger intensity (passenger load
factor) of Indian railways is high. With 8080 million
passengers carried per year and 1 050 738 passenger
kilometres travelled, it is 15.4 million passenger Kkilo-
metres/km of operational length. In Japan, the figure
15 9.7; in China, 8.62; in Germany, 1.38; in Russia, 0.8.

The British colonisers left an unenviable legacy
to India in terms of technical equipment of railways.
The main problem, as noted above, was the mainline
railway network, which consisted of sections with
different gauges. In 1955, out of 54,500 km of opera-
tional length, 25,17,000 km (or 46.1 per cent) were of
1676 mm gauge; 24,15,000 km (44.3 per cent) were
of metre gauge and 5,200 km (9.85 per cent) were of
narrow gauge (762 mm and 610 mm gauge lines)* [8].
A large amount of financial and material resources
have been channelled by the Ministry of Railways of
India over the past decades to unify the Indian rail-
way network on the basis of 1676 mm wide gauge. By
now, the objective has been practically achieved: of the
68,193 kilometres of operational length, 95.7 per cent
are 1676 mm wide gauge railways.

In 1955, 8 years after the country’s independ-
ence, the wide-gauge steel rails with the weight of
44.6-49.6 kg/run. m were laid on the main tracks, which
made up 46.1 per cent of the operational length. The
length of the laid track was small: from 9.14 to 12.8 m,
which resulted in a large number of joints, required
manual labour for maintenance, and did not allow to
provide the necessary comfortable and safe movement
of trains at a speed of more than 100 km/h according

!Data from the 1955 compilation of World Railways [9]; data published in 2023 by the Indian Ministry of Railways differ slightly

from the above, but within 1-2 per cent. Project Unigauge.
URL: https://en.wikipedia.org/wiki/Project_Unigauge;

What is project unigauge. URL: https://www.railnewscenter.com/what-is-project-unigauge/railway-employee/
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to the ideas of that time. The track was laid mainly on
wooden sleepers, rarely on metal ones. On a number of
narrow-gauge lines single cast-iron supports instead of
sleepers were used [9, p. 359].

With such track structure maximum speeds on
the wide track rarely reached 96 km/h, on the me-
tre track — 72 km/h, on the narrow track 762 mm —
48 km/h and 610 mm — 29 km/h. On the electrified
section of the wide-gauge passenger trains on several
sections developed speed up to 104 km/h [9, p. 359].

At present, high-strength thermally compacted rails
with the weight of 52-60 kg/run. m, welded into long
lengths and laid on reinforced concrete sleepers with
the help of elastic rail fasteners, are laid throughout
the entire wide gauge railway network of India [10].

In 1955, the main means of communication in the
movement of trains on especially important single-
track sections was the electrical tablet system. The tel-
egraph method of communication and such systems of
train traffic organisation (mostly on metre and narrow-
gauge lines, but also on some wide-gauge sections) as
“movement by one locomotive”, “movement with one
tablet”, “movement by written messages” were also
used.

Autoblocking was used on some double-track lines
and dispatch control of train traffic was introduced on
a number of lines [9].

Single-wing semaphores were mainly used as sig-
nalling devices, signalling “track clear” by lowering the
wing, as it is customary on the British railways. Traffic
lights were used on autoblocked sections (about 100
km), as well as at a few large stations such as Bombay
(Mumbai), Kolkata, and Madras, equipped with elec-
trical centralisation systems for switches and signals.
The Naihati sorting station is equipped with wagon
retarders [8]. The Second Development Plan of Indian
Railways (1956-1960) envisaged significant work to im-
prove signalling, centralisation and interlocking (SCI)
systems and to improve the safety of train traffic, how-
ever, until today the state of SCI and communication
devices lags behind the general pace of development
of the country’s railways.

As of the beginning of 2020, only 3.5 thousand kilo-
metres of the operational length of railways have au-
tomatic interlocking of train traffic [10]. The rest of the
length is mainly manually controlled by switches and
signalling by signallers, mostly with the use of traffic
lights. The development of signalling and communica-
tion systems with automatic devices, including the lat-
est microprocessor-based ones, is the most important
task of modernisation of Indian railways against the
backdrop of one of the highest accident rates on Indian
railways in the world today.
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SWITCHING TO NEW TYPES OF TRACTION

In 1955 the main means of traction were steam lo-
comotives, the total number of which was: 5,360 wide
gauge, 2,789 metre gauge, 405 narrow gauge. There
were 35 wide gauge diesel locomotives, 66 electric lo-
comotives, two battery cars, 7 diesel locomotives of
wide gauge, 46 of metre gauge, 151 of narrow gauge.
On suburban electrified wide gauge sections 151 pas-
senger motor cars were used, on electrified sections of
metre gauge — 24 motor cars [9].

The total fleet of passenger cars was 8211 units
(wide gauge), 6908 units (metre gauge), 1111 units
(narrow gauge). The fleet of freight wagons included
157 thousand units (wide gauge), 59 thousand (me-
tre gauge), 5.4 thousand (narrow gauge). Wide-gauge
cars and partially metre gauge wagons were almost
completely equipped with vacuum brakes, all narrow-
gauge cars — with hand brakes [9].

Nowadays steam traction is used only for the move-
ment of special excursion retro trains both on wide
gauge and other railways. All passenger and freight
work on the railway network is carried out using die-
sel locomotive and electric traction, which will be dis-
cussed in more detail below. New supplies of locomo-
tives are made by Indian factories.

The freight wagon fleet is dominated by four-axle
wagons for various purposes, the need for which will
be met by Indian factories.

Indian railways are intensively renewing the pas-
senger wagon fleet. Newly delivered passenger rolling
stock of various purposes and comfort levels is mainly
equipped with air conditioning systems, which is im-
portant for a country with a hot and humid climate.

The era of steam locomotives is considered to have
ended on the Indian mainline railways on December
6,1985, when a steam locomotive of the WL-15005 se-
ries (Fig. 1) ran the last train on the gauge line from
Ferozepur to Jalandhar, about 118 km. The production
of steam locomotives in the country was completed
even earlier. The last steam locomotive of the WG se-
ries was built at Chittaranjan Locomotive Works in
June 1970 and was aptly named Antim Sitara — “The
Last Star” in Hindi.

The first experiments with the use of diesel traction
on Indian railways date back to the 1930s, when sev-
eral small diesel locomotives with a capacity of about
300-1000 hp were operated on the North Western Rail-
way on a trial basis — mainly for shunting work [11].

The first mainline diesel locomotives were put into
operation on the Indian Railways after the country
gained independence. These were diesel locomotives of
the WDM-1 series? (Fig. 2), manufactured by the Ameri-

2Acronym WDM-1 from Wide Gauge (W); Diesel powered (D); Mixed load (M), the first model. One of these cars is preserved in

the National Railway Museum in New Delhi.
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Fig. 1. Steam locomotive series WL-15005 on the Rewari Steam
Centre steam locomotive storage base®

Fig. 2. WDM-1 diesel locomotive No. 17000 at the National
Railway Museum in New Delhi. 2020.
Photo by Dmitry A. Shchukin*

Fig. 3. Diesel locomotive WDG-5.2013.
Photo by Chandra Vimlesh®

Fig. 4. Diesel locomotive WDG-6.2020°
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can Loco. Co. (ALCo) in 1957-1959 (the so-called “World
Series of ALCo locomotives”). It was an electrically
powered locomotive, having two bogies, each with
three driving winding axles (UIC classification — axle
formula C0-C0). Rated power of the 12-cylinder four-
stroke diesel engine was 1,950 hp (1,450 kW), design
speed was 104 km/h. The diesel locomotive had one
control cabin (it was a section of “A” type) and could
be operated as a combination of two sections coupled
by the body ends without driver’s cabins, with control
by the system of many units to increase the power in
train operation. A total of 100 such diesel locomotives
were purchased.

At present, the Indian industry produces diesel lo-
comotives for various purposes for operation on wide
gauge and shunting mainline railways, as well as metre
gauge and narrow-gauge diesel locomotives.

In the last decade two models of powerful diesel lo-
comotives with electric transmission for freight work
WDG-5 and WDG-6 have been produced in India. The
WDG-5 diesel locomotive (Fig. 3), built by Banaras Lo-
comotive Works (BLW) in Varanasi in collaboration
with Electro-Motive Diesel (the diesel locomotive and
electric locomotive division of Caterpillar Inc.), has
a hood type body, CO to CO axle arrangement. Nomi-
nal diesel power is 5,500 hp (4,045 kW). In 2012-2018,
7 WDG-5 locomotives were manufactured.

The WDG-6 electric diesel locomotive (Fig. 4) also,
like the one mentioned earlier, has a bonnet type body
and the same CO0 to CO axial formula. The first two vehi-
cles were produced at the former GE Rai, now Wabtec
plant of Westinghouse Air Brake Technologies Corpo-
ration and MotivePower Industries’ Westinghouse Air
Brake Technologies Corporation in the US and deliv-
ered to India in 2019.Production of these diesel loco-
motives was then organised at General Electric India’s
plant in Marhaura, Bihar.

The WDG-6 freight diesel locomotive with a design
speed of 100 km/h is designed based on the GE Evolution
Series platform and is powered by a four-stroke 16-cyl-
inder supercharged four-cylinder diesel engine with a
rated power of 6,000 hp (4,416 kW). With an axle load of
23 tonnes, this diesel locomotive is one of the most pow-
erful in the relatively lightweight category in the world.

ELECTRIFICATION OF THE INDIAN RAILWAYS

Electrification is the most important area of rail-
way infrastructure improvement in India, in addition

3 Development of Steam Locomotive Designs in Railways in India // URL: https://artsandculture.google.com/story/2AVhj-

ulTVuVKA
4URL: https://railgallery.ru/photo/41545/?vid=102920

SURL: https://www.flickr.com/photos/67259157@N06/9333137336

SURL: https://d.indiarailinfo.com/loco/26100
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Fig. 5. An electric train on the Victoria Terminus line in Bombay

(today Chhatrapati Shivaji Terminus and Bandra station on the

outskirts of Bombay (Mumbai). The train is travelling on tracks
flooded by monsoon rains. Mid-1920s’

to bringing the entire railway network to a single track.
The first proposals for the use of electric traction were
presented in India in 1925 and the budget for the in-
itial work was set at the same time [12]. As in many
countries, railway electrification in India started with
small suburban sections. On March 3, 1925, a 1.5 kV DC
electrified (with power from the overhead catenary)
section between Victoria Terminus in Bombay (now
Chhatrapati Shivaji Terminus in Mumbai) and Bandra
suburban station on the Arabian Sea coast (now called
Harbour Line) was put into operation.

The electrification was based on technical solu-
tions well proven on the Newport-Shildon, England
line, which were among the most advanced at the time.
Electric trains were supplied by Kamele Laird (Eng-
land) and Uerdingenwagonfabrics (Germany) [12, 13].
The electrical components for these trains (Fig. 5) were
supplied by BTH/AEI and English Electric from Eng-
land, Siemens-Schuckert from Germany, and Ansaldo
from Italy.

Electrification on the main lines using 1.5 kV direct
current began with the modernisation in 1929-1930 of
the high gradient sections in the Western Ghats on the
busy Great Indian Peninsula Railways (GIP) freight and
passenger main line. Here the operation of the power-
ful EF/1 series of electric freight locomotives began, the
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first of which arrived at the port of Bombay in August
1927.

These articulated locomotives were typically Ger-
man-Swiss in design and appearance and had cou-
pled wheels with drawbar gearing, resembling that of
a steam locomotive, from two mono-electric motors
mounted on the frames of the two end bogies. The elec-
tric motors were placed on the frame of the locomotive,
as in the famous Swiss articulated electric locomotive
Ve 6/8 series, nicknamed “Crocodile” for its characteris-
tic profile resembling a toothy reptile. This locomotive
proved itself in train work on the Gotthard Pass in the
Alps. In India, these electric locomotives with a power
of 1940 kW and a design speed of 80 km/h also came
to be called “Crocodile”. Later, the Indian Railways
changed their EF/1 series name to WCG-18 (Fig. 6).

Following the British tradition of naming locomo-
tives like ships after prominent figures, the first of the
EF/1 (WCG-1) locomotives to arrive was named Sir Les-
lie Wilson®.

On 1 June 1930, the Deccan Queen high-speed pas-
senger train was put into service!, which established
itself as one of the most luxurious trains of its time, not
only in India but also in the world (Fig. 7). The train

Fig. 6. WCG-1 series electric locomotive commissioned in 1930
and decommissioned in 2020 at the National Railway Museum,
New Delhi. 2020

"Electrification overseas. Development of Power Schemes in the Dominions. URL: http://mikes.railhistory.railfan.net/r099.html
8WCG-1 - acronym for wide gauge (W); direct current (C) — this is how direct current was agreed to be labelled, as opposed to
Alternating Current (A); Goods traffic (G). Two of these locomotives have been preserved to this day.

98ir Leslie Orme Wilson (1876-1955) is a participant of the Second Anglo-Boer War, captain of the Royal Marines, participant
of the First World War with the rank of colonel, prominent British politician, member of the British Parliament, from 1923
Governor of Bombay, supported and promoted the idea of electrification of the Indian railways, from 1832 to 1946 (the longest
in this position) - Governor of Queensland in Australia.

©The name of the train is derived from the vernacular respectful name of the city of Pune a‘@!'@?-[ ?,ﬁ' Tl'Uﬁ'” Deccan Queen,
the cultural capital of the region. The city is located in the historical and socio-political region known as Deccan, occupying a
mountain plateau of the same name, stretching a little south of Mumbai from the coast of the Arabian Sea to the Bay of Bengal.
11 URL: https://www.tripadvisor.com/LocationPhotoDirectLink-g304554-d19799017-i443857282-Heritage_Gully-Mumbai_Maha-
rashtra.html
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Fig. 7. An advertising poster from the early 1930s of the Deccan
Queen, a posh Indian express train of its time. Chhatrapati
Shivaji Terminus Museum, Mumbai. Photo by the authors. 2016

was designed for wealthy passengers travelling from
Bombay (Mumbai) to the city of Pune!! (Poona) [14],
where horse races were held at the nationally famous
hippodrome, attracting the socialite public. The train
was initially timetabled on weekends, but later be-
came a daily service. This very popular express train
was a first in India: the long-distance train was served
by electric locomotives, and for the first time in India
its carriages were connected by enclosed crossing plat-
forms?? (so-called {vestibuled trains}, for the first time
special carriages for women and a dining carriage
were included in the composition of the train.
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The train covered a distance of 192 kilometres be-
tween end points in 4 hours (today — 3 hours 10-15 min-
utes) with a route speed of 50 km/h, reaching speeds of
80 km/h in some sections (up to 105 km/h today).

The services provided to passengers en route, the
comfort and convenience of the train carriages, and,
most importantly, the speed of the journey, have
brought the train the love of wealthy passengers over
the ninety years of its operation. The Deccan Queen
train’s birthday is celebrated every year on June 1 as a
celebration of the Deccan region.

The Deccan Queen trains were served by India’s
first passenger high-speed electric locomotives, the
EA/2, later renamed WCP-2,a 1.5 kV DC 1,562 KW loco-
motive with a design speed of 137 kilometres per hour.
This Swiss Locomotive and Machine Works (SLM) de-
signed electric locomotive was one of the most success-
ful high-speed locomotives of its time. The first car was
named Sir Roger Lumley®® (Fig. 8).

Before India’s independence in 1925-1947, only
388 km of railways were electrified [14]. Under the
1951-1956 plan, another 141 km were electrified.

In 1958, electrification was carried out in the How-
rah — Bardhaman section of the Eastern Railway in
the form of an experiment using DC of higher volt-
age — 3kV.

Fig. 8. The Sir Roger Lumley electric locomotive, commissioned
in 1930, was the first passenger electric locomotive of the
Indian Railways. A 1.5 kV DC, type 1-2-2 machine, originally

given the serial name EA/2, later renamed WCP-2, preserved
in the National Railway Museum, New Delhi. It is believed that
this particular electric locomotive was part of the first Deccan
Queen train to enter the route on June 1,1930%

12 Prior to this, all passenger coaches in India had open inter-carriage platforms, which were uncomfortable and dangerous
to use when travelling from carriage to carriage. The introduction of enclosed vestibule platforms between carriages by the
American company Pullman in 1887 for the first time united the carriages of a passenger train into a single comfortable space

and gave rise to the creation of Pullman luxury trains —

“palaces on wheels”. In 1930, the first such train appeared in India.

3Lawrence Roger Lumley, 11th Earl of Scarbrough (1896-1969) — politician, General of the British Army, member of the House
of Commons of the British Parliament, Governor of Bombay, Chancellor of Durham University.

14URL: https://www.irfca.org/gallery/Heritage/img113.jpg.html
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In 1957 the leadership of the country and the rail-
ways made an important decision on further electrifi-
cation of the railways only on the system of alternating
current of 50 Hz industrial frequency with voltage of
25 kV. In 1960, the first pilot section of the South East-
ern Railway Raj Kharswan — Dongoaposi was electri-
fied. Since then, electrification in India has been car-
ried out only using 50 Hz industrial frequency alternat-
ing current [10, 11].

In 1961, India started its own production of WCM-5
electric locomotives. Before that, all electric locomo-
tives were delivered from abroad in a fully assembled
form. The creation of its own electric locomotive manu-
facturing was a great achievement of the country in
the process of gaining technological sovereignty. The
first WCM-5 was a DC electric locomotive with DC trac- Fig. 9. WCM-5 series electric locomotive No.20103, kept at the
tion collector motors with a total power of 2721 kW National Railway Museum in New Delhi. Photo by Basu Avishek*®
and a design speed of 105 kilometres per hour. The
first electric locomotive was given No. 20083 and the
name Lokmanya®® (Fig. 9). The locomotive was assem-
bled on October 14, 1961 at the Chittaranjan Locomo-
tive Works, a locomotive and steel works established
in 1950. India’s first Prime Minister Jawaharlal Nehru
attended the launching ceremony of the locomotive. It
is believed that this locomotive later drove the famous
Deccan Queen express train.

At present, the Indian industry produces modern
electric locomotives for various purposes, including
freight traffic. One of the most powerful in the world
two-section eight-axle freight locomotive of WAG-12B
series was created by Indian specialists at Electric Lo-
comotive Factory, with the support of French concern
Alstom. The AC locomotive with asynchronous three-
phase motors with a total power of 8820 kW and a de-
sign speed of 120 km/h is designed for use on freight
lines to drive trains weighing more than 6000 tonnes.
The electric locomotive is equipped with four Alstom-
designed traction converters on GTO and IGBT semi-
conductor elements.

The first WAG-12B electric locomotive was ceremo-
nially released from the plant on 10 April 2018 with
the participation of Indian Prime Minister Narendra
Damodardas Modi (Fig. 10). On April 3, 2023, the 300th
locomotive of this series was handed over to Indian
Railways for service. 5 : e

Among the expected new additions to Indian Rail- = : SR
ways’ high-speed rail passenger electric rolling stock Fig. 10. Electric locomotive WAG-12B with goods train 2020

Fig. 9. WCM-5 electric locomotive No. 20083 Lokmanya leads
the Deccan Queen express.July 1980. Photo by Vaedhal Harsh?’

15 Lokmanya Bal Gangadhar Tilak (1856-1920), marathi, Indian politician, nationalist, conservative, advocate of orthodox
Hinduism and fighter for Indian independence, the first leader of the Indian independence movement, nicknamed “Lokmanya”
by the people, meaning “accepted by the people as a leader”, persecuted by the British colonial authorities, imprisoned for
several years. Mahatma Gandhi called him “the creator of modern India”.

16 URL: https://24coaches.com/the-electric-locomotive-roster-dc-acdc-electrics/

17URL: https://www.irfca.org/gallery/Locos/Electric/wem1_to_6/img097.jpg.html?g2_imageViewsIndex=1

18URL: https://www.rushlane.com/indias-most-powerful-train-engine-first-official-video-12362674.html
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are the Vande Bharat electric trains, which were pre-
viously available in the seating version. According to
media reports, an agreement has been signed in New
Delhi to set up a new company, Kinet Railway Solu-
tions, which will supply 16 long-distance coach trains
with sleeper seats to Indian railways. The joint venture
with the participation of JSC Transmashholding (TMH,
75 per cent share) and the Indian company Rail Vikas
Nigam (25 per cent) will build Vande Bharat trains and
provide their service. It will manufacture 120 long-dis-
tance electric trains based on the results of a tender or-
ganised by Indian Railways, the results of which were
announced on March 1, 2023 [16].

CHANGE IN THE STRUCTURE OF THE TRACTION
ROLLING STOCK FLEET

Back in the 1990s, several thousand steam locomo-
tives were in operation in the country; today about
three dozen steam locomotives are used only for driv-
ing tourist vintage trains. Initially, the fleet of diesel
locomotives increased rapidly with the beginning of
work on replacing steam traction with progressive —
diesel and electric traction. In 1990-1991, the number
of diesel locomotives exceeded the number of electric
locomotives, but in the 2000s, as electrification rates
increased, the growth of diesel locomotives slowed
down and stopped by 2010. At present, the number of
electric locomotives in train operations is one and a
half times that of diesel locomotives. Electric locomo-
tives carry about two-thirds of freight traffic in India.
Approximately 60 % of passenger trains run on elec-
trified IR lines, and they account for 38 % of the total

Table 2
Change in the structure of the locomotive fleet

Number of locomotives, units

Years
Dlesel Electrlc
.

1950/1951 8,120 8,209
1960/1961 10,312 181 131 10,624
1970/1971 9,387 1,169 602 11,158
1980/1981 7469 2,403 1,036 10,908
199071991 2,915 3,759 1,743 8,417
2000/2001 54 4,702 2,810 7,566
2010/2011 43 5,137 4,033 9,213
2020/2021 39 5,108 7,587 12,734
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Table 3
Share of different types of traction in the volume
of train operations, %

Elec-
trical
train

1950/1951  93.0 = 20 50 990 = 1.0
1960/1961  91.0 = 20 70 940 50 1.0
1970/1971 770 70 70 90 460 390 150
1980/1981 490 250 140 120 180 620 200

1990/1991 218 424 226 132 30 606 344

2000/2001 - 56.2 312 127 - 435 565

2010/2011 - 494 366 139 - 37.5 62.7

2020/2021 - 188 637 174 - 270 730
Table 4

Length of electrified tracks

1951 388
1961 748
1971 3,706
1981 5,345
1991 9,968
2001 14,856
2011 19,607
2021 44,802
2022 52,508

electricity expenditure on traction [17]. Table 2 shows
how the composition of the locomotive fleet of Indian
railways has changed (based on data up to 31 March
2021), Table 3 shows the change in the share of differ-
ent types of traction in the volume of train operations
in passenger and freight traffic [17].

As of the end of 2022, 52,500 km of railways in In-
dia have been electrified, accounting for 77.1 % of the
total operational length (Table 4) [15]. In FY 2021, In-
dia has achieved the longest electrification in all the
years of such work — 6015 km. In the last seven years
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Fig. 11. Prospective scheme for electrification of India’s railways.
2015%

(2014-2021), the electrification rate has increased
more than 5 times compared to 2007-2014 (Fig. 11). It
is planned that by 2024, Indian railways will be almost
completely converted to electric traction [5].

PROSPECTS FOR THE DEVELOPMENT
OF THE INDIAN RAILWAYS

Over the years, a forward-looking railway develop-
ment plan has been evolving with the participation of
various organisations in the country under the leader-
ship of the Ministry of Railways of India. On March 21
2022, the Ministry of Railways published the Nation-
al Railway Plan of India (NRP), which aims to create
a future-ready railway system by “2030” [18]. India’s
National Rail Plan 2030 aims to create a greener and
cheaper to operate network of accessible and efficient
railways.

The plan aims to reduce freight delivery time by in-
creasing the average speed of goods trains to 50 km/h.
The new plan aims to reform and make the railways
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more sustainable, efficient and modern, while provid-
ing cheaper safe passenger and freight transport.

In a written reply to an enquiry by the Rajya Sab-
ha Constitutional Council of States, India’s Minister of
Railways, Communications, Electronic & Information
Technology Ashwini Vaishnaw said {Minister of Rail-
ways, Communications and Electronic & Information
Technology Ashwini Vaishnaw}: “The objective of the
Plan is to build capacity ahead of demand, which in
turn will also contribute to future demand growth
up to 2050 and also increase the share of railways in
freight transport to 45 %. To achieve this goal, all pos-
sible financial models are being considered, including
public-private partnerships (PPPs)” [19].

Other important objectives of the NRP include iden-
tifying new high-speed rail corridors and new dedicat-
ed freight corridors, estimating rolling stock require-
ments for passenger traffic, and freight wagon and
locomotive requirements to meet the goals of 100 %
electrification and increased freight share.

In addition, the new plan aims to ensure sustain-
able private sector participation in various areas such
as freight and passenger terminal development, rolling
stock operation and ownership, and track infrastruc-
ture development and operation.

Under the Vision 2024 NRP, measures have been
taken to accelerate some critical projects including
construction of second and third tracks on congested
routes and 100 % electrification [18, 19].

The priorities for 2030 include: updating the tech-
nical policy and regulatory framework of Indian Rail-
ways; introducing effective means to improve the ef-
ficiency and safety of Indian Railways; a strategy to at-
tract private capital to the railways; and infrastructure
development [18].

CONCLUSION

Over the last two decades, after solving the urgent
task of uniting the country’s railway network on the
basis of reconstruction of the most important trans-
port directions with a single 1676 mm gauge, the In-
dian railway transport has started technical re-equip-
ment of the industry on the basis of introduction of
electric traction. The initial stage of replacing steam
traction with diesel locomotive traction, which was
carried out in the 1970s and 1980s, was replaced in
the 1990s by the active introduction of electric trac-
tion against the background of the unprecedented
electrification of the country. Indian railwaymen took
as an example the model of railway development
in the USSR-Russia and China, rejecting the Ameri-

YIndian railways green energy initiatives. URL: http://www.irgreenri.gov.in/tile_elect.html
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can way of railway development — the use of diesel
traction as environmentally harmful and dead-end
for the country, which needs huge volumes of liquid
hydrocarbon fuel, which has to be imported from
abroad.
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The Indian railways are faced with the challenge
of improving control systems and train safety to make
full use of the upgraded track facilities, the benefits of
electric traction in increasing the speed of transport
and the safety of rail transport.
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AH HOTA M PaccmoTtpeHbl BONpoCbl HOPMATUBHO-NPABOBOIO M HOPMATUBHO-TEXHUYECKOTO peryinpoBaHms 06bekToB
MHbPACTPYKTYpPbl XENE3HOL0POXKHOIO TPAHCNOPTa Ha TEPPUTOPUM FOPOLOB M FTOPOACKMX aroMepaLmii.

CoenaHa nomnbiTka onpeaennTb NPaBOBOM CTATyC AaHHbIX 06beKTOB. [TprMBeLeHbl 0COOEHHOCTM TaKMX AOPOr, yKa3aHa Heobxoam-
MOCTb BblA€NeHUS HOPMATUBHOTO PEryMpoOBaHUS FOPOACKUX KeNe3HbIX A0POT. [1peanoxeHo MHULMMPOBaTb paboTy Haf, yCTaHOB-
NEHWEM MPUOPUTETA NACCAKUPCKMX NEPEBO30K HAZ, rPy30BbIMU HA TEPPUTOPUM FTOPOAOB U FOPOACKUX arsioMepaLmid.
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Ta Ha TeppuTOPMM rOPOAOB U FOPOACKUX arfoMepaLuii; NpoBeAeHNe COOTBETCTBYHOLLMX HAYYHbIX MCCNELOBAHWUIA U MOATOTOBKM
NpennoXeHU No BHECEHUIO U3MEHEHWIA B HOPMATUBHbIE LOKYMEHTbI.
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INTRODUCTION

The growth of cities and urban agglomerations en-
tails the development of their transportation network.
Often, public transportation resources are limited and
metro construction is expensive.

Most cities and urban agglomerations of the Rus-
sian Federation are also large railway hubs with an
extensive network of railway stations and crossings,
which, using international experience, can be organi-
cally integrated into the public transport system. The
experience of Moscow agglomeration, which has been
successfully operating the railway network of Moscow
transportation hub for several years, is considered ad-
vanced in our country.

However, there is a large list of problems that limit
the use of this resource in cities and urban agglomera-
tions. These problems are of both regulatory and nor-
mative-legal and regulatory-technical nature.

This article is devoted to analysing these problems
and trying to find ways to solve them in the regulatory
and legal field of the Russian Federation.

SPECIFIC FEATURES OF TECHNICAL AND LEGAL
REGULATION OF URBAN RAILWAYS IN THE
RUSSIAN FEDERATION

Currently, the design, construction, reconstruction
and operation of public railway transportation infra-
structure facilities are carried out in accordance with
anumber of regulatory and technical documents of the
Russian Federation.

Federal Law “On Railway Transportation in the Rus-
sian Federation™ says that “railway transport in the
Russian Federation consists of public railway transport,
non-use railway transport, as well as technological rail-
way transport of organizations...”

Part two of Article 14 of the Law’ establishes that
access to infrastructure is provided to carriers on a
non-discriminatory basis, providing for equal condi-
tions for the provision of services for the use of infra-
structure by carriers regardless of their incorporation
forms and forms of ownership.

The legislation of the Russian Federation defines
access to the railway transportation infrastructure re-
gardless of the location of a given railway: within the
urban agglomeration or outside its boundaries. This
means that the legal status of the urban railway in the
Russian Federation is not separately identified.

In 2017, the Federal Law “On Off-Street Transporta-
tion” was adopted, but its wording was criticized by
scientists and specialists in this field [1].
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The current system of technical and legal regulation
of public railway transport infrastructure facilities, as
well as related processes mentioned above, lacks the
specifics of such regulation for the railway transport
of cities and agglomerations.

THE NEED TO EMPHASIZE THE LEGAL
REGULATION OF URBAN RAILWAYS

The need to highlight the legal and technical regu-
lation of the railway transportation of cities and ag-
glomerations is long overdue. To date, there have been
many studies on this issue [2-8].

Here are the main reasons for such a separation,
according to the authors of the article.

1. One needs to prioritize meeting the needs of the
population in passenger transportation within cities
and urban agglomerations over freight transportation.
For example, in the Moscow agglomeration such a pri-
ority has already been established on the Moscow Cen-
tral Ring and Moscow Central Diameters. However, in
other urban agglomerations, such as Saint Petersburg,
it has not yet been implemented. Freight trains, includ-
ing those with increased weight and length, operate in
almost all directions.

Until this important problem, which lies in the reg-
ulatory and legal plane, rather than in the technical, is
solved, further talk about the development of urban
railways in the Russian Federation is premature.

2. Urban agglomerations are characterized by con-
straints in the design of new railway lines, additional
main tracks, reconstruction of existing railway lines and
railway stations. There are planning constraints associ-
ated with the existing development that do not allow fit-
ting the route parameters required by standardization
documents (codes of rules and standards), which are
now defined for mainline railways. This may also include
dense saturation of underground space with utilities, the
requirements for protection or removal of which from
the construction site also impose restrictions.

All of the above restrictions derive from the origi-
nal intent of the Federal Law “On Railway Transport”,
which defines non-discriminatory access for carriers.
At present, there are no restrictions for the owner of
the railway transportation infrastructure on the move-
ment on urban railways, for example, of loaded trains
with a length of 71 conventional cars or coupled trains.
Technical regulation of the processes of design, con-
struction, reconstruction and operation of urban rail-
ways is difficult for this reason.

3.1t should be noted that there are special conditions
for the operation of railway transport infrastructure fa-

!Federal Law dated 10.01.2003 No.17-FZ “On Railway Transport in the Russian Federation” (as amended on 29.12.2022).
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cilities that ensure the priority of passenger transporta-

tion (including axle loads, train speeds, train lengths,

train intervals, etc.) over mixed or freight traffic.

Such factors refer to:

e lower axle loads compared to freight cars and more
advanced design of running parts of passenger roll-
ing stock, which have less force impact on the rail-
way track, which allows both optimizing the design
of the railway track and reducing the requirements
for the protection of underground utilities;

e possibility of reducing the radii of curves due to the
exclusion of mainline locomotives, which cannot fit
into curves of small radii, as well as reducing the
distance of approaching structures due to the admis-
sion of only specialized passenger rolling stock to
the urban railway, which will reduce the cost of con-
struction or reconstruction in dense urban areas;

e the need to introduce clock traffic, increase train
speeds, train interval, which imposes special condi-
tions on the reliability of subsystems of railway au-
tomation and telemechanics, railway power supply
and railway telecommunications;

e requirements for vibration and noise reduction and
other environmental requirements affecting near-
by residential development;

e other factors.

One needs to find a comprehensive solution to this
problem, including a combination of solutions at the
level of the legislative and executive branches of gov-
ernment, as well as the development of standardiza-
tion documents and infrastructure and business owner
decisions.

POSSIBLE SOLUTIONS

A comprehensive approach to solving this problem,
proposed by the authors, is based on the establishment
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at the federal level of the priority of passenger trans-
portation over freight and mixed transportation in the
territories of cities and urban agglomerations, ensuring
a comfortable and accessible environment for citizens.

This problem can be solved through a comprehen-
sive public discussion of the issue of prioritizing pas-
senger transportation in the territories of cities and ur-
ban agglomerations; amendments to the main federal
laws regulating these issues.

It is required to amend or develop new regulatory
legal acts of various levels (federal laws, resolutions of
the Government of the Russian Federation, orders of
federal executive authorities), as well as standardiza-
tion documents (national and interstate standards and
sets of rules) in conjunction with existing regulatory
documents.

At the initial stage the following tasks should be
solved:

1. To determine a complete list of regulatory legal
acts governing the activities of railway transportation.
To determine the provisions of such regulatory legal
acts that prevent the allocation of a separate regulatory
framework for railway transportation in the territory
of cities and agglomerations.

2. To prepare proposals for amendments to the reg-
ulatory legal acts that would allow for such regulation.

3. To initiate research and development work con-
firming the possibility of changing the technical re-
quirements for railway transportation infrastructure
facilities of cities and urban agglomerations, which will
ensure the safety requirements established by techni-
cal regulations.

4. On the basis of the research work performed,
initiate amendments or the development of new stand-
ardization documents to ensure the design, construc-
tion, reconstruction and operation of railways in cities
and urban agglomerations in accordance with the sys-
tem of developed and approved regulatory legal acts.
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ABSTRAC The study of the aerodynamic impact of rolling stock on the railway infrastructure is carried out either

with experimental methods or with numerical simulation methods. The use of numerical simulation
methods allows you to safely and quickly obtain the necessary data. An important task is to determine the factors that affect
the aerodynamics of the rolling stock. To study aerodynamic processes in transport it is proposed to use the Frozen Rotor
method in combination with the Large Eddy Simulation, which can be implemented using the Solid Works Flow Simula-
tion software package. This method makes it possible to obtain a high-quality picture of the distribution of air flows in the
boundary and main layers.

KEYWO RDS' finite volume method; numerical simulation; aeroelastic interaction; turbulence; Frozen Rotor method

For citation: Karimov D.D., Vataev A.S., Metlyakova S.A., Bogdanov N.V. The use of numerical simulation in the analysis of aero-
dynamic problems in transport. BRICS transport. 2023; 2(3):5. https://doi.org/10.46684/2023.3.5.
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AHHOTA M MccnepoBaHue asapoanHaMmnyeckoro Bo3aeicteuns noasuxHoro coctasa (MC) Ha Kene3HoLOpPOXHYI0
I.l MHOPACTPYKTYpPY OCYLLLECTBASETCS C MOMOLLbIO 3KCNEPUMEHTAIbHbIX METOA0B UK METOAOB YNCIEHHOTO
MoAennpoBaHus. Micnonb3oBaHMe METOLOB YMC/IEHHOTO MOAENMPOBaHMS NO3BONSET 6€30MacHo M 6bICTPO NONY4YUTb HeobXo-
LIMMble faHHble. BaxkHol 3apavelt sBngetca onpenenenme GakTopos, KOTOpble BAUAIOT Ha aspoamHamuky MC. ns nccneposa-
HWS a3pOAMHAMUYECKMX MPOLLECCOB HA TPAHCNOpPTe npeanaraeTcs NpuMeHUTb MeTog, Frozen Rotor B KOMBMHALMKM C METOLOM
KPYMHbIX BUXPEN, YTO MOXKHO peann30oBaTh C MOMOLLb0 NporpaMmHoro komnnekca SolidWorks Flow Simulation. lNMpumeHeHune
[AHHOro MeToAa AaeT BO3MOXHOCTb NOAYYUTb KAYECTBEHHYIO KapTUHY pacrnpefeneHns BO3AYLWHbIX NOTOKOB B MOFPaHUYHOM
1N OCHOBHOM C/IOSIX.
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INTRODUCTION

To solve problems related to the aerodynamic in-
teraction of rolling stock (RS) with the railway infra-
structure, an experimental method (full-scale) or a nu-
merical simulation method using specialized software
is used.

The experimental method is often difficult to use.
And when analyzing the aeroelastic interaction of roll-
ing stock with tunnel structures, it may be impossible
to apply it due to the following factors:

1. High cost and technical complexity of installing
air pressure sensors on tunnel walls without interrupt-
ing train traffic.

2. Speed measurements are life-threatening be-
cause they require being close to a moving train. 3.

3. Insufficient objectivity of research results due to
the presence of many limiting factors that do not allow
placing the equipment properly.

One of the most realistic experimental methods is
blowing a model train in a wind tunnel. But it is not
universal because it is costly, numerical results of flow
distribution are difficult to interpret.

The use of numerical modelling of aerodynamic
processes makes it possible to overcome these difficul-
ties. Modern computer programs, in which the finite
element method and solid modelling of infrastructure
objects are applied, allow solving a wide range of prob-
lems related to the interrelated stationary and non-sta-
tionary thermal and aerodynamic fields and processes
in tunnel structures during the movement of the train
station.

SPECIFICS OF APPLICATION OF NUMERICAL
METHODS

Experimental values are required to verify the com-
puter model in any case. With this option, there is no
need to investigate many cases; one case is sufficient.
If the model proves to be adequate, other cases can be
numerically simulated by interpreting the base values
using various mathematical methods.

In numerical modelling using the finite volume
method, it is important to set the boundary conditions
correctly to simulate the interaction of the gas with
moving and stationary walls, as well as the effects of
the environment. When the air medium interacts with
moving surfaces, the surfaces are deformed, which re-
quires the solution of the Navier — Stokes and Laplace
equations to account for the stress-strain state of the
surfaces [1].

The solution of the problem by the finite volume
method in such a formulation requires considerable
computational resources. However, in the case of aer-
oelastic interaction between the rolling stock and arti-
ficial structures, the deformations of the surfaces are
small; therefore, assumptions are made that there is
no change in the shape of the interacting surfaces at
all velocities of the rolling stock motion. For wall mod-
eling, the velocity component normal to the surface is
assumed to be zero, which means that the solid wall
is impermeable. There is no slippage of the medium
along the wall. The stationary moving walls of the com-
putational domain are assumed to be smooth. Such as-
sumptions allow us to reduce computational costs and
maintain the correctness of the obtained data [2, 3].

Due to the presence of viscous friction forces near
the surface of the streamlined body, the flow velocity
changes and a boundary layer appears. In this case, at
the surface of the body, the flow velocity is equal to
the body velocity, and as the body is removed, there
is a gradual change in the flow velocity from the body
velocity to the velocity of the external flow streamlined
around the body.

The flow around the surface of the body of the roll-
ing stock can be divided into two layers: the boundary
layer, in which there is a relative movement of air lay-
ers, and hence the viscous (friction) forces perceived
by the body of the train, and the main flow moving at
a constant speed, in the volume of which the forces of
viscous friction manifest themselves insignificantly
(Fig. 1).

Friction forces in the boundary layer create fron-
tal resistance of the rolling stock. Due to the complex
configuration of the train body (presence of protruding

tTechnical Regulations of the Customs Union “On the Safety of High-Speed Rail Transport” dated 15.07.2011 with amendments
as 0f 09.12.2011 (TR CU 002/2011). URL: http://docs.cntd.ru/document/902293437
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Main flow

Boundary layer
Laminar flow

0
Velocity, m/s

Fig. 1. Types of flows when a train is streamlined by air flow

parts, inter-car gaps, niches, etc.), turbulent flows arise.
At the end of the train a rarefaction and vortex trace
are formed. All these are the reasons for the increase
in the forces of resistance to motion [4-7].

To analyze the aeroelastic interaction between the
rolling stock and tunnel structures, one needs to use
software packages that allow to realize the mathemati-
cal description of moving surfaces and volumes in a
stationary air medium. The accuracy of the calculation
is largely determined by how correctly the boundary
layer modeling is performed.

An important point in modeling aerodynamic pro-
cesses is the choice of the method of numerical mod-
eling of turbulence. There are several main methods:
Direct Numerical Simulation (DNS), Large Eddy Simu-
lation (LES), as well as models based on Reynolds-av-
eraged Navier — Stokes (RANS) and hybrid Shear Stress
Transport (SST, shear stress transport).

Since the SST model is the most universal of these
models and functions effectively for a wide class of
complex gradient flows, it is used for modeling aeroe-

Rotor

/

Inertial frame of reference

Position vector r,,

lastic interaction using the program tools SolidWorks
Flow Simulation [8, 9].

NUMERICAL METHOD FROZEN ROTOR

The need to reduce the calculation time without
loss of accuracy on the one hand and at relatively low
computational power consumption on the other made
it necessary to use the Frozen Rotor method in this
work. Its use allows us calculating the distribution of
velocities and pressures depending on the position of
an object moving along a circle. The radius of the circle
along which the motion occurs is set large enough. The
calculation error (primarily for rectilinear motion) will
be determined, among other things, by the value of this
radius due to the presence of the tangential component
of velocity (Fig. 2).

The essence of the Frozen Rotor method is generally
reduced to the selection of such an angular velocity of
rotation of the coordinate system that the resulting ve-

Tunnel

Portal part

Rotating frame
. of reference

Fig. 2. Stationary and rotating frames of reference
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locity of the body relative to the stationary walls of the
tunnel becomes equal to zero, which will make it pos-
sible to reduce the calculation to a stationary process.
When performing the transformation, the conditions
of conservation of mass, momentum, and energy have
to be satisfied. Centrifugal forces are applied to the air
particles of the stationary region.

A serious advantage of this method is the reduction
of computational time and resources consumed. This
method allows us estimating the distribution of aero-
dynamic characteristics at different points.

Dastonbek D--ugli Karimov, Andrey S. Vataev, Sofya A. Metlyakova, Nikita V. Bogdanov

The use of numerical simulation in the analysis of aerodynamic problems in transport

CONCLUSION

The Frozen Rotor method used in combination with
the large eddy method is the most promising and opti-
mal in terms of performance and computational power
consumption. It is characterized by low costs of nu-
merical experiments compared to in-situ experiments,
versatility, high speed and the possibility of performing
studies at the design stage. Practically, it can be real-
ized with the help of SolidWorks Flow Simulation soft-
ware package tools.
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ABSTRAC Modern Russian methods for calculating transport infrastructure objects for progressive collapse have been

analysed and classified. An overview of the methods implemented in the SCAD and LIRA computer systems
has been made. The transport infrastructure objects of the frame scheme have been calculated for progressive collapse with
the removal of the supporting element. The results of the calculation of the frame scheme, taking into account additional pa-
rameters: damping of elements; joint work of the floor and steel structure elements; physical and geometric nonlinearity have
been analysed.

Analytical, statistical and mathematical methods were applied.

It has been established that the existing software systems have sufficient functionality for calculating transport infra-
structure objects in a static, dynamic, linear and non-Llinear problem setting. The results of calculations performed in different
computer systems show different results in dynamic and quasi-static methods.

The necessity of adjusting the existing Russian building codes, taking into account the calculation procedures in modern
computer systems, is revealed.

KEYWO RDS. transport; construction; design; progressive collapse; buildings; structures; wireframe; element; initiating
» occurrence; calculation method; LIRA; computer complex

For citation: Pegin P.A., Shulgin A.A. Modern methods for calculating transport infrastructure objects for progressive collapse.
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AH HOTA M lpoBeneHbl aHanM3 1 knaccuduKaLms COBpEMEHHbIX POCCUIICKMX METOA0B pacyeTa 06beKTOB TPaHCMOp-

I.l THOM UHPpacTpykTypsl (OTU) Ha nporpeccupytoutee obpyweHue. OcyliectsieH 0630p MeToAOB, peanu-
30BaHHbIX B BbluncnTenbHbix komnaekcax SCAD u JIMPA. PaccunTaHbl Ha nporpeccupytolee obpyeHne OTU kapKacHOW cxeMsl
C yoaneHMeM HecyLlero anemMeHTa. [lpoaHann3npoBaHbl pe3ynbTaTbl pacyeTa KapkaCcHOM CXeMbl C y4eTOM LOMONHUTENbHbIX Na-
paMeTpoB: AeMndMpoBaHME INEMEHTOB, COBMECTHAs paboTa nepekpbiTUS U 3N1EMEHTOB CTaIbHOM KOHCTPYKLMK, BU3nyeckas u
reoMeTpuyeckas HelMHeNHOCTb.

© PA. Pegin, A.A. Shulgin, 2023
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[MpUMeHeHbl aHANUTUYECKMIA, CTATUCTUYECKMI M MAaTEMATUYECKMI METOLbI.

YcTaHOBNEHO, YTO CYLLECTBYHOLME NPOrpaMMHble KOMMIeKCbl 061aatoT AOCTaTOYHBIMU DYHKLMOHANbHBIMU BO3MOXHOCTS-
mMu ans pacdeta OTU B cTaTMUeCKOM, AUHAMUYECKON, TMHEWHON U HENWMHEMHOM NOCTaHOBKe 3aaay. [lpoBefeHHble pe3ynbTaThl
pacyeToB B Pa3HbIX BbIYMCAUTENbHbBIX KOMMIEKCaX NOKa3anu pasfiMyHble pe3ynbTaTbhl B AMHAMUYECKOM M KBa3UCTaTUYECKOM

MeToAdax.

BbisBneHa HeobxoaMMoCTb KOPPEKTUPOBKM CYLLECTBYHLLUMX pOCCl/IVICKl/IX CTPOUTENIbHbIX HOPM C YYE€TOM pacCyeTHbIX nNpouenyp

B COBPEMEHHbIX BbIYUCNTUTENBbHbBIX KOMMNIEKCAX.

Kﬂ |_OL| E B bl E Cﬂ O BA. TPaHCMOPT; CTPOUTENLCTBO; NPOEKTUPOBAHME; Mporpeccupytolee 06pyLieHne; 34aHUS; COO-
+ PY)XXeHus; KapKaCHas CXema; 3NIeMEHT; MHMUMMpYLoLLee BO3aencTBue; MeTos pacyeTa; JINPA;

BbIYUCSIUTENBHbIN KOMMNEKC

[na untnposauus: fleeur M.A., Lynseur A.A. CoBpeMeHHble MeTobl pacyeTa 06beKTOB TPAHCMOPTHON MHDPACTPYKTYPbl HA Npo-
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INTRODUCTION

Modern Russian regulatory documents pro-
vide® 2 %456 provide no complete information on the
calculation methods and no examples of calculations
developed in strict compliance with the standards. The
documents lack a description of calculation procedures
for the dynamics of progressive collapse of transport
infrastructure objects, assuming that the designer has
the knowledge to perform an analysis that involves a
research component. Russian designers are helped by
the manuals of the Federal Centre for Norming, Stand-
ardization and Conformity Assessment in Construc-
tion (FCS) [1, 2], which disclose part of the calculation
method. The main problems concerning the existing
normative methods is to describe them in generalized
words, leaving to the designer their exact interpreta-
tion. Scientific studies by Russian [3-9] and foreign
[10] authors indicate the relevance of calculations of
transport infrastructure objects for progressive col-
lapse and necessity to take into account new, previ-
ously unknown or not taken into account factors. This
study analyses the regulatory framework for progres-
sive collapse, reviews the computational complexes
for progressive collapse calculations and the results of
calculations using the selected methods.

RUSSIAN METHODS OF CALCULATING
TRANSPORT INFRASTRUCTURE OBJECTS OF
FRAME SCHEME FOR PROGRESSIVE COLLAPSE

According to SP 385.1325800.2018 “Protection of
Buildings and Structures against Progressive Collapse™
and FAE FCS for the design of measures for the pro-
tection of buildings and structures against progres-
sive collapse [1, 2], introduced in 2019, two calculation
methods are given.

The first method. Calculation in static or dynamic
formulation. The essence of the method is to perform
the following steps.

1. Form the design scheme of a transport infrastruc-
ture object satisfying normal operation (Fig. 1, a).

2. Remove one of the elements and build a sec-
ondary design scheme with the adoption of strength
and deformation characteristics in accordance with
clause 5.1, loads and impacts in accordance with
clause 5.2 [1] (Fig. 1, b).

3. Calculate the secondary circuit with the removed
element. 4.

4. Determine the stress-strain state (SSS) in the ele-
ments in the secondary scheme and the criterion test of
bearing capacity, as well as stability of the form.

1 SP 385.1325800.2018. Protection of buildings and structures against progressive collapse. Design rules. Basic provisions

(introduced on 06.01.2019). Moscow: TSPP, JSC, 2018. 19 p.

2SP 16.13330.2017. Steel structures. Actualized edition of SNiP II-23-81* (with Modifications Nos.1, 2, 3, with Amendment)
(introduced on 28.08.2017). Moscow: Standardinform, 2022. 148 p.

3SP 63.13330.2012. Concrete and reinforced concrete structures. Basic provisions. Updated edition of SNiP 52-01-2003 (introduced
on 01.01.2013). Moscow: The Ministry of Regional Development of Russia, 2013. 155 p.

4SPP 64.13330.2017. Wooden structures. Updated edition of SNiP II-25-80 (introduced on 27.02.2017). Moscow: V.A. Kucherenko
Central Research Institute of Wooden Structures — Institute of “SIC “Construction”, JSC, 2017. 97 p.

5 SPP 128.13330.2016. Aluminum structures. Updated edition of SNiP 2.03.06-85 (introduced on 17.06.2017). Moscow:

Standardinform, 2017. 86 p.

6 SPP 266.1325800.2016. Steel reinforced concrete structures. Design rules (introduced on 01.07.2017). Moscow: Standards

Publishing House, 2017. 131 p.
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Element being removed

a b

Fig. 1. Transport infrastructure object of the frame scheme:

a — primary calculation scheme; b — secondary scheme

5. Modify the primary and secondary design
schemes in case of failure to fulfil the criterion check.

The second method. Calculation by the kinematic
method of the limit equilibrium theory, the essence
thereof is to perform the following steps.

1. Specify the most probable failure mechanisms of
transport infrastructure object elements that have lost
their support.

2. For each of the selected failure mechanisms de-
termine the ultimate forces that can be absorbed by
the cross-sections of all plastically fracturable elements
and links Si, including plastic hinges.

3. Find the equidistance G, of external forces ap-
plied to individual links of the mechanism, i.e. to in-
dividual non-destructible elements or their parts, and
displacements in the direction of their action u,

4. Determine the work of internal forces W and
external loads U on the possible displacements of the
mechanism under consideration.

5. Check the condition of equilibrium W > U.

6. Change the calculation scheme in case of any fail-
ure to fulfil the equilibrium conditions.

7. Check the load-bearing capacity of the load-bear-
ing vertical elements not located above the local failure
zone.

REVIEW OF COMPUTATIONAL COMPLEXES
FOR CALCULATING TRANSPORT
INFRASTRUCTURE OBJECTS

FOR PROGRESSIVE COLLAPSE

SCAD++ 21.1.1.1.1 (issued on 24.07.2015) compu-
tational complex used in the mode “Progressive col-
lapse” — quasi-static, is based on the paper?.
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In the mode of calculation for progressive collapse
of the transport infrastructure object in SCAD++ the
instantaneous removal of destroyed elements at the
dynamism coefficient equal to 2 is modeled by forces
in the nodes with which the removed elements act on
the rest of the scheme and applied with the opposite
sign, which corresponds to the algorithm of quasi-stat-
ic calculation at instantaneous removal of an element
(Appendix B [1]) (pulldown analysis). If the dynamic
coefficient is equal to 1, the forces at the nodes of the
removed elements are assumed to be zero, and this
corresponds to the gradual removal of elements from
the design scheme or is equivalent to the linear static
calculation of the system without collapsed elements.
Additionally, it is possible to take into account the
weight of collapsed structures with a given dynamic
coefficient.

The calculation mode automatically takes into ac-
count the requirement that the design strength char-
acteristics of materials are equal to their normative
values. Also in the program it is possible to realize the
dynamic method based on the method which is speci-
fied in two manuals [1, 2], it consists of three stages:

Stage 1: Obtaining the correct SSS of the structure at
the moment of time before the failure of the element.
The calculation is performed either in a static formula-
tion or in a dynamic nonlinear formulation with grad-
ual linear loading for a time interval sufficient to level
dynamic effects or with increased damping.

Stage 2: Initiation impact. Removal of a structural
element in a dynamic nonlinear setting for a time in-
terval equal to 1/10 of the main period of natural oscil-
lations of the removed element, with the appropriate
design justification is allowed to adjust these values.

Stage 3: Dynamic calculation of the structure with
the removed element in a nonlinear formulation by
methods of direct integration of the equations of dy-
namics in time in explicit or implicit formulations with
standard damping parameters.

The calculation of the time of the initiating impact
is the key point in the dynamic method and can be per-
formed not only taking into account the requirements
[1, 2], but also using the American standards Progres-
sive collapse analysis and design guideline (GSA, 2013)
[10] or according to the reference book on dynamic
impacts of B.G. Korenev, .M. Rabinovich from 1972
(p- 95) [3], the impact of choosing one of the calcula-
tion methods is shown in the calculation part of this
report “Calculation of the Frame Scheme for Progres-
sive Collapse”.

The LIRA-SAPR 2020 software package (release
date — 16.03.2020) contains the tools “Stages”, “Col-
lapse”, “Local failure (quasi-statics)”, with the help of
which the necessary scenario of transport infrastruc-
ture object collapse is set. The regulatory documents
to be used in the calculation are the same®%3456[1, 2].
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In the PC the calculation in quasi-static formulation
is realized as follows:

e amodel of a transport infrastructure object is creat-
ed and design combinations of forces and (or) loads
are assigned in accordance with the requirements
of regulatory documents;

e to model local failure of elements in the structure
the tool “Local failure (quasi-statics)” is used, which
allows to assign the dynamics coefficient by select-
ed degrees of freedom to the elements selected by
the user as dismantled;

e at the stage of dismantling the structure, to select
the dismantled elements to which the dynamic coef-
ficient has been assigned.

The method of calculating the transport infrastruc-
ture object in the dynamic formulation provides for
taking into account the significant effects of physical,
geometric and structural nonlinearities in the destruc-
tion/collapse of individual parts of the structure and
includes the steps described in the Methodological
Manual of FAE FCS on pages 22-25.

In LIRA PC there is a possibility to assign to the
elements of the scheme “Time of Failure from Op-
eration” dT for modelling of local failure in dynamic
formulation. Such assignment can be made either to
a single element (e.g. a column) or to a group of ele-
ments (e.g. a wall). This will automatically generate
impulse loads set in the direction opposite to the reac-
tions of the removed elements. No impulse loads will
be applied to the nodes that remained “idle” after the
elements were removed (only the removed elements
were adjacent to them). It is sufficient to specify only
the elements. It is not necessary to specify the nodes,
which makes the task less labour-intensive. The pro-
gram sets the other parameters by itself and performs
the calculation: assigns impulse loads (for all degrees
of freedom, including rotational ones) and calculates
the reactions of the removed elements. In the “Dynam-
ics in Time” menu of the program it is necessary to set
the following parameters:

e integration time (probably many times longer than
the failure time, so that the system behaviour and
oscillation damping can be evaluated in time);

e integration step (to obtain a point with values strict-
ly at the boundary of the momentum growth cessa-
tion, and smaller by several times than the failure
time);

e number of loading with mass weights (more con-
venient immediately after the last stage of assem-
bly);
number of load with damping characteristics;
number of loading with dynamic loads — any free
loading.

In both computational complexes it is possible to
perform calculations in the formulation of the problem
of local failure by quasi-static and dynamic methods in
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linear and nonlinear formulation (taking into account
geometric, physical, genetic nonlinearity in the process
of assembly and disassembly).

MATHEMATICAL EXPERIMENT:

CALCULATION OF THE FRAME SCHEME

OF THE TRANSPORT INFRASTRUCTURE OBJECT
WITH REGARD TO PROGRESSIVE COLLAPSE

Initial data for calculation (Fig. 2): a transport infra-
structure object of KS-2 structure category; dimensions
in plan along the external axes 12 x 12 m, floor height
8 m; column grid 6 x 6 m; number of ground floors — 2;
construction area of the city of Saint Petersburg; ter-
rain type A; wind region 2: w, = 0,3 kPa; snow region 3:
Sg = 1.5 kPa; height of monolithic slab — 90 mm; main
beams BG1, BG2 and auxiliary beams BV1, BV2 made
of steel C255, I-beam cross-sections on static calcula-
tion — 50B2, 40B1 and 30P, 22P respectively (BG1 and
BV1 — main and auxiliary beams on the second floor,
BG2 and BV2 — on the roof); columns K1 made of steel
C255, section according to static calculation — I-beam
35K3 8.5 m long.

1. Quasi-static calculation method (mode “Progres-
sive Collapse”).

The results of calculation by the quasi-static method
with the collapse of the central column were carried out
taking into account the dynamic coefficient 2, according
to SP 365 — some elements do not pass the test (Fig. 3).

2. Dynamic calculation method.

We choose a method for estimating the time of the
initiating action.

Method 1. According to the manual FAU FCS to cal-
culate the time of the initiating effect as 1/10 of the
main period of natural oscillations of the removed ele-
ment is considered scheme, in which the removed ele-
ment as part of the overall scheme to obtain dynamic
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Fig. 2. Primary scheme of the metal frame of the transportation
infrastructure object
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Fig. 3. Results of calculation of the transport infrastructure
object by quasi-static method with collapse of the central
column (secondary scheme of metal frame). Critical factor K

X

degrees of freedom along the length of the element is
broken down in sufficient detail (detail breakdown can
be recommended order 6 elements) and performed
modal analysis. The results of the modal analysis are
the period of oscillation of the element (the central col-
umn of the first floor T = 0.0461 s and T = 0.0325 s, the
time of the initiating influence is equal ¢ , = 0.0461 s
andt , = 0.0325 s, respectively.

Method 2. According to the recommendation of
American standards Progressive collapse analysis and
design guideline (GSA, 2013) ¢, < 0.1T, where T is the
period of oscillation of the structure without the re-
tired element on the form of oscillations resembling
static deformation of the system. Results of modal
analysis — T = 0.40588 s, time of initiating action —
t,, =0.1T=0.0406 s.

Method 3. According to the reference book on dy-
namic impacts by Korenev and Rabinovich of 1972
(p- 95), by analogy with the calculation of impact, if it
is impossible to estimate the time of impact by calcu-
lation or experience, but there is confidence that it is
small enough, it is possible to take t , = 0.001 s as a
reserve of strength and rigidity of the structure.
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The results of calculations by different methods
showed the discrepancy between the values obtained
for the displacement of the node and the maximum
value (Table).

Based on the calculations obtained, the following
conclusions can be drawn:

1. At calculation by the direct dynamic method the
displacement values turned out to be 1.05 times greater
(by 5 %) than by the quasi-static method.

2. At calculation by direct dynamic method the val-
ues of critical factor were 3,52 times more (by 252 %),
than by quasi-static method.

3. All three methods of dynamic calculation of
transport infrastructure object show close results. The
highest values were found in method 1, where the os-
cillation period of the retired element was determined
to find the time of element failure.

4. The results of calculation at different failure
times of 0.2 and 0.001 s show that the response of the
system and, accordingly, the SSS factors depend signifi-
cantly on the loading rate, and when the failure time
d, is set in the range from 0 to 0.1T (the period in the
scheme without a column), the change in the SSS fac-
tors is not so significant.

5. After the collapse of the central column of the
transport infrastructure object the whole structure
collapses, the system becomes geometrically variable —
the object is completely destroyed.

6. The damping of elements, which should be taken
0.2, was not taken into account in the calculations. The
used versions of the programs do not allow to set the
damping coefficient in the stiffness parameters of the
elements.

7. The calculations did not take into account the
joint work of the reinforced concrete slab, most like-
ly the values of displacements and the critical factor
would have been less, there fore, the number of subse-
quently retired elements would have been less.

On the basis of the obtained results it is possible
to state the necessity to improve software products for
carrying out calculations of transport infrastructure
objects taking into account the joint work of reinforced
concrete slab and steel structure elements.

Table

Summary table of calculation results

Parameter

Displacement of the unit on Z -135.04 -135.02
K. 9 9
Number of elements with K :0-0.99 113 113
Above 0.99 68 68

TRANSPORT INFRASTRUCTURE

t,=0.00461s | t =0.00325s t . =0.0406s

Quasi-static
Metod 2 Method 3 method
t,=0.001s
-133.29 -134.95 -128.43
8.89 9 2.56
113 113 113
68 68 68
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ABSTRAC The use of aluminium and its alloys in the world history of car building began in the 30s of the last century.

The paper considers various types of cars made using aluminium alloys produced in different countries, as
well as an assessment of the effect of the use of cars with bodies made of aluminium alloys in the Russian Federation. The effect
was determined for three parties of the transportation process: car owners, the carrier and the consignor. The paper calculated
the effect of using a hopper car made of aluminium alloys model 19-1299 with an axle load of 25 tf in comparison with hopper
cars with steel bodies with an axial load of 25 and 23.5 tf. It is shown that for the consignor and the carrier, the use of a car with
an aluminium body by reducing the tare weight and increasing the carrying capacity brings a significant economic effect, at the
same time, as for the owner of the car, there is a reasonable increase in the price of the car by 25-30 %. The purchase of cars
with aluminum bodies is more expensive for the owner, and therefore it is necessary to increase the rental rate to compensate
for the costs or take measures for state support.
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¥ NepeBOo34YMKa NMPUMEHEHME BaroHa C alOMUMHMEBBIM KY30BOM 3a CYET CHUMMKEHMS BECa Tapbl U YBENIMYEHUS TPY30MOLAbEMHOCTH
MPUHOCUT 3HAUMTENbHbINA SKOHOMUYECKUIA SDMEKT B TO BpEMS, KaK A1 COBCTBEHHMKA BaroHa MMeeTcst 060CHOBaHHOE yBeMYeHue
LLleHbl BaroHa Ha 25-30 %. lNpuobpeTeHe BaroHoB C aNtoMUHUEBLIMM Ky30BaMu 06X0AMTCA AOPOXKE A COBCTBEHHUKA, B CBA3M

C YeM HeobxoaMMo YBEIMYUTb apeHOHY0 CTaBKYy 4119 KOMNEHCAUKUKU 3aTpaT UIN NPUHATD MEPbI MO rocnognepxke.

Kﬂ |_OL| E B blE CHO BA. ANOMUHMEBbIE BaroHbl; BaroHOCTPOEHME; aloMUHMEBBIE CM/1aBbl, IHHOBALMOHHbIE BaroHbl,
+ BaroH-xonnep

[na uutuposanusa: boporerko K., KomatidaHos A.A., lpobxes C.M. OueHka 3¢ HeKTMBHOCTM UCMONb30BAHMS BarOHOB-XOMMNEPOB
C Ky30BaMU 13 antoMuHueBbix cnnasos // TpaHcnopt BPUKC. 2023.T. 2. Bein. 3. C1. 7. https://doi.org/10.46684/2023.3.7.

INTRODUCTION

Nowadays, aluminium and its alloys are widely
used in various industries, including car building. This
is due to the resumption of work on the development
of cars with smaller containers through the use of new
materials. Aluminium alloys have satisfactory strength
characteristics with higher corrosion resistance and
lower specific gravity compared to steels commonly
used in car manufacturing [1-4].

In the world history of car building, they started to
use aluminium in the USA in the 30s of the XX century
together with the production of aluminium hopper
cars. Then aluminium was used in the production of
high-speed rolling stock, thanks to which it was pos-
sible to reduce the cost of traction of trains and reduce
the weight of the car body. In the USSR, the production
of aluminium passenger cars was limited to the ER200
train [5-7].

For freight traffic of the USSR in 1975 “Ural Car
Works” manufactured a pilot gondola car with a load
capacity of 66 t with a body made of aluminium al-
loys for transportation of coal, ore, timber and other
bulk cargoes that do not require protection against
atmospheric precipitation. The body and frame struc-
ture was made of special pressed profiles and panels
of high-strength aluminium-magnesium alloy, hatch
covers were made of steel. The catalogue-guidebook
“Cars of the USSR” provides information about a
6-axle gondola with load capacity of 97 t with alu-
minium alloy body, but there is no information about
their operation [8, 9].

In the Russian Federation, work on the creation of a
car made of aluminium alloys began in the early 2000s
with “Ural Car Works” producing a prototype gondola
car of model 12-568 using aluminium alloys in the body
structure. On the basis of aircraft building technologies
of “Voronezh Joint Stock Aircraft Building Company”
an attempt was made in 2005 to manufacture a gon-
dola car from aluminium alloys, the side and end walls
of which consisted of hollow pressed aluminium alloy
panels [10, 11].
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“Promtractor-Car”, CJSC developed a pilot hopper
car made of alloy 1565h with load-carrying capacity of
80 tonnes, but serial production has not started.

At the moment the model range of cars with the
use of aluminium alloys is limited. “United Car Com-
pany” has developed a hopper car with an aluminium
alloy roof. “RM Rail” produced a pilot batch of model
19-1244 hopper cars made of 1565h alloy in 2017, and
in 2023 developed a new model 19-1299 hopper car
with a body made of 1584 aluminium alloy. “United Car
Company” and “RM Rail” have developed aluminium
alloy tank cars for the carriage of nitric acid, models
15-6901 and 15-1232-05. However, these developments
are still unique in the “1520 area”.

At the same time, more than 200 thousand cars
with aluminium alloy bodies are in operation in North
America. Why are these cars profitable in America, but
not in the 1520 Area?

Aluminium alloy cars manufactured in different
countries are shown in the figure and their technical
characteristics are shown in Table 1.

Analysing the data of Table 1, it can be concluded
that the hopper car of model 19-1299, having steel
frame and aluminium body, is somewhat inferior to
all-aluminium foreign cars in terms of tare coefficient.
The application of steel frame in production and opera-
tion, according to the developers, gives a number of
advantages to such a car.

The task is to evaluate the effect of using cars with
aluminium alloy bodies for three parties of the trans-
portation process: car owners, carrier and consignor.

MATERIALS AND METHODS

Compared items and initial data

Three hopper cars of different models were cho-
sen for efficiency calculations: 19-1299 — axle load of
25 tf, aluminium body; 19-9549 — axle load of 25 tf,
steel body; 19-9814 — axle load of 23,5 tf, steel body
(Table 2).
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Fig. Aluminium alloy cars from different countries: a — Aluminum AutoFlood Il (USA); b — Steel and Aluminum Triple Hopper
Aggregate (USA); ¢ — Small Cube Covered Hopper (USA); d — hopper car, model 19-1299 (Russian Federation); e — Aluminum
BethGon Il (USA); f — 1060 mm gauge C80H Aluminum Alloy Coal Gondola (PRC); g — tank car, model 15-6901 (Russian Federation);
h — tank car, model 15-1232-05 (Russian Federation)

Table 1

Technical characteristics of aluminium alloy cars

Empty weight
Model (trade mark) . Carrying . S to carrying
of the car Produced in Type of car Tare, t capacity,t Cubic capacity, m capacity ratio
(tare coefficient)

Aluminum AutoFlood I USA Open hopper 22.40 107.32 118.93 0.21
Steel and Aluminum USA Open hopper 23.81 105.91 68.81 0.22
Triple Hopper Aggregate
Small Cube Covered USA Closed hopper 23.50 106.23 92.94 0.22
Hopper
19-1299 RF Closed hopper 21.00 79.00 111.00 0.27
Aluminium BethGon Il USA Gondola car 18.92 110.82 128.00 0.17
1060mm gauge C80H PRC Gondola car 20.00 80.00 87.00 0.25
Aluminium Alloy Coal
Gondola car
15-6901 RF Tank car 24.50 75.00 5478 0.33
15-1232-05 RF Tank car 20.40 78.60 61.78 0.26
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Table 2
Technical characteristics of the compared cars

Model, specific Axle Carrying Tare. t Tare
features load, tf | capacity,t it coefficient

19-1299 aluminium 0.265

body

19-9549 steel body 25 76 24 0.315

19-9814 steel body 23.5 70 24 0.343
Table 3

Guaranteed mechanical properties of the alloy 1581

Mechanical properties,
Thickness minimum values

Type of the item

ooz,MPa
1.5-6.0 345 205
Flat stock 1581 6.0-10.5 350 200
10.5-50.0 350 190
Extruded section 1581  All dimensions 355 215
Table 4

Calculated strength characteristics

. . Ultimate resistance
2
m e pomt 6‘, N/mm O 8’ N/ i

345 345 490
375 375 510

The body of hopper car model 19-1299 is made of
aluminium alloys 1581. Its mechanical properties are
given in Table 3.

Car bodies of 19-9549 and 19-9814 models are made
of high strength steels according to GOST 19281-2014
and GOST 19903-2015. Calculated characteristics of
their strength are given in Table 4.

Evaluation of possible cost increases for the owner when
purchasing cars with aluminium alloy structures

When purchasing new cars, the owner is faced with
the question of the investment payback period and the
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reasonableness of the car price increase when new ma-
terials are used.

To compare strength and stiffness materials, the
characteristics of specific strength (ratio of strength to
specific weight) and specific stiffness (ratio of modulus
of elasticity to specific weight) are used. Table 5 sum-
marises the specific strength and stiffness character-
istics.

Analysing Table 5, we can conclude that alumini-
um alloy is 2.1 times more efficient than steel in terms
of specific strength by time resistance, and 1.7 times
more efficient than steel in terms of specific strength
by yield strength. In terms of specific stiffness, the
materials are approximately equal. Proceeding from
the fact that when designing cars the main calcula-
tions are carried out on yield strength, it is possible to
conclude that the elements of cars created from alu-
minium alloy 1581 should be about 1.7 times lighter
than steel ones.

In the hopper car model 19-1299 steel body struc-
tures weighing 6.6 t were replaced by aluminium alloy
structures weighing 3.6 t, i.e. the weight of the replaced
structures decreased by 1.83 times. The increase in the
price of material alone amounted to

C=3.6t-340-10% rubles/t — 6.6t - 66 - 10° rubles/t =
=1 224 000 - 396 000 = 828 000 rubles.

This is approximately 20 % of the cost of the car.

In addition, the production of aluminium structures
requires the purchase of new equipment and the in-
troduction of new welding and assembly technologies.
Therefore, a reasonable increase in the price of the car
should be estimated at 25-30 %, which should be paid
by the owner of the car. To compensate for these costs,
the owner should increase the fee for leasing the car
to consignors.

Effect for the carrier from the reduction of train
traction costs

In order to evaluate the effect, a comparative calcu-
lation of energy consumption and train traction costs
was carried out when carrying out transport work of
3.6 - 10° net tonnes, which is approximately equal to
the average annual work of a hopper car.

Table 5

Specific strength and stiffness values

Specific strength

Specific strength at
yield point, oo'Z/pg, km

Specific stiffness,

by ultimate tensile E/pg e 10, km

strength, 6 /pg, km

. Strength class, |  Yield point,
3
Density, t/m c,,MPa o (c,,), N/mm?
Aluminium alloy 1581 2.7 350 200
High-tensile steel 345 18 480 345
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12.96 74 2.59

6.11 439 2.54
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Table 6

Calculations of energy required to perform transport works 3,6¢10° tkm net

RS
19-1299 1,265 12,39
19-9549 1,315 12,39
19-9814 1,343 12,8

Transport works A, Energy r.onsumptlon

3,6 - 10 56,42
3,6 - 10 58,65 2,23
3,6 - 10° 59,9 3,48

Table 7

Results of calculation of savings from the use of aluminium alloy hopper car in loaded mode

. Energy saving . Cost of saved . Cost of saved diesel .
c:rri'tlﬁ aa';'j:r::: dc:;s for empty car s:,l?;t:'clzt‘x’h electricity at the price ?;3?:1?: l fuel at the price of Tot:al:;':c;mn
J traction, GJ 95, of 4 rubles/kWh 95,49 45 rubles/kg 9
25 223 1756 7,024 66.09 2,974 9,998
235 343 2701 10,804 103.14 4,641 15,445
Table 8

Results of calculation of savings from the use of aluminium alloy hopper car in empty mode

Comparison vs cars
with axle load,

Energy saving for

empty car traction, 2]

savings, kWh

tonnes GJ

235 5.79 4560

Energy costs for overcoming the main resistance to
movement were determined in accordance with the
following papers [12, 13]:

I, = (A + k)w(v, q)A, @

where k. = m /m_— car tare coefficient; v — veloc-
ity; w(v, q,) - basic specific resistance of the car, de-
pending on the average speed v and axle load q,;
A = 3,6 - 10° tkm net — conditional volume of transport
works per year (Table 6).

The results of calculation of energy resources sav-
ing in loaded mode for the volume of performed trans-

Table 9
Results of calculation of traction savings from the use
of aluminium alloy hopper car in loaded and empty modes

Comparison vs cars with axle Savings, rubles
load, tf

25 20,087
23.5 41,407

Cost of saved
electricity at the price
of 4 rubles/kWh

18,240

Cost of saved diesel
fuel at the price of
45 rubles/kg

Total traction
savings

Diesel fuel
savings, kg

171.61 7,122 25,962

port work of 3.6 - 10° net tonnes are given in Table 7.
Here it is assumed that 85 % of the work is performed
on electric traction, 15 % — on diesel traction.

The results of energy calculation for empty cars
transportation when carrying out transport works of
3.6 - 10° net tonne kilometres are given in Table 8.

Total savings from the use of aluminium alloy hop-
per car are presented in Table 9.

This calculation explains the popularity of alumin-
ium cars in North America. Trains there are driven by
diesel locomotives and the cost of diesel fuel is 4 times
higher. For American railways, the value of saved
fuel would be 1831 kg and the cost in rubles would be
329,690 rubles, i.e. the effect is almost 8 times greater.
But for Russian railways, the effect is also tangible.

Effect for the carrier from change in railway track
maintenance costs as a result of operation of cars
with aluminium body with smaller tare

The change in railway maintenance costs as a result
of the operation of cars with aluminium body is carried

1 Methodology for assessing the economic efficiency of the operation of innovative freight cars on the railway infrastructure
of Russian Railways (approved by the Order of the Ministry of Transport of the Russian Federation No.457 dated 23.10.2017).
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Table 10

Characteristics of the cars compared

Model, specific features Carryingtcapacity, Tare, t Relative change intrack oad ky
19-1299 aluminium body 25 5.25 21 = =
19-9549 steel body 25 6 76 24 1 1.143
19-9814 steel body 23.5 6 70 24 0.94 1.143

Table 11

Calculation of change in railway maintenance costs in loaded mileage

Loaded REIER
Cargo Tare 5 rate of
5 5 mileage, | Tkm gross n
weight,t | weight,t - railway
trackk
19-1299 79 21 45570 4557000 1
19-9549 76 24 47368 4736800 1
19-9814 70 24 51428 4834200 0.78

out for empty and loaded cars and is determined by
formulas in accordance with the paper?:
e when loaded

AE_=e  ((mi+m)L3 -k (mi+mJLs);  (2)

e when empty
-k __meLe ), 3

T° 1I0p TImop T IOp

AE - e . (maLa

TI0

where e_ - consumption rate per gross metered tonne
kilometre in freight traffic, rubles/tkm; m¢ and m? —
weight of cargo in steel and aluminium car, respec-
tively; m¢ and m? - tare weight of steel and aluminium
car; k . and k — coefficients reflecting the change
in the impact of vertical and horizontal forces of an
aluminium car on the track compared to a steel car in
empty and loaded runs.

Coefficient k_is defined from the expression

%
3 0 \/Ql2 + Y2
k.=vp [Q_;] +YvB [m 5 4

where y, — share of railway track damage associated
with the impact of vertical forces — railway alignment,
wear of rail pads, filler pieces, filler piece pads, sleep-
ers (ranges from 0.60 to 0.65); Q,/Q, — ratio of the maxi-
mum probable vertical dynamic force exerted by the
wheels of the innovative car Q, to the same strength of
the analogue car Q,, which shows how much the im-
pact on the path has changed in the vertical direction;

Change Change in expenses
(m?+mA)L3, | k(mi+mL:, | intrack | (atan expense rate of
tkm tkm gross impact, | 0.02213 rubles/tonne),
tkm rubles
4557000 = = =
= 4736 800 -179 800 -3,978
= 3770676 +786 324 +17,401

the force relations are raised to a degree of y (y = 4),
which takes into account the accepted relationship be-
tween the force impact on the railway track F and the
damage to its components: D ~ Fz y, . — share of rail-
way track damage associated with the total impact of
vertical and lateral forces — straightening, track gauge
adjustment, rail, bolt and screw replacements, wear
of lining pads in steep curves, insulating elements of

,/le + le

07 +Y7
shows how much the impact on the track has changed
in the vertical and horizontal directions in total; Y,
Y, — maximum probable lateral dynamic force of the
car and its analogue, respectively.

Due to the lack of experimental data, the changes
in vertical and horizontal forces were determined the-
oretically, taking into account that their changes are
directly proportional to the axial load.

This representation is an estimate from above,
because the results of experiments with bogies with
a load of 25 tonnes showed a smaller increase in the
coefficient of k.

Expenditure rate RS-51 for measuring gross tonnes
per 1000 gross tonnes of track structure was assumed
to be average for the network and amounted to
22.13 rubles per 1000 gross tonnes?.

The initial data for the calculation are shown in Ta-
ble 10-13.

fastenings (makes 0.35-0.40); —ratio, which

2Expenditure rates determined on the basis of the volume-dependent expenses of “Russian Railways”, JSC for transportation

activities // “Russian Railways”, JSC. 2023.
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Table 12

Calculation of change in railway maintenance costs in empty mileage

Change in expenses

Change in

Tare Loaded Tkm Damage rate of | (m7+ m{)LT, | k(m:+m)LT, | oL o | (atan expense rate of
weight,t | mileage,km | gross | railwaytrackk tk tkm gross tkmp > | 0.02213 rubles/tonne),
rubles
19-1299 21 45570 956 970 1 956 970 = = =
19-9549 24 47368 1136832 1,7 = 1932 600 -975 630 -21,590
19-9814 24 51428 1234272 1,7 = 2098 262 -1141290 -25,256
Table 13 the car, the tariff mainly depends on the distance of

Results of calculation of savings from application
of aluminium alloy hopper car in loaded and empty modes
from reduction of track maintenance costs

Comparison vs cars with axle Savings, rubles
load, tf

25 25,568

235 7,855

The reduction in the cost of maintaining the rail-
way track structure for an aluminium alloy hopper car
with an axle load of 25 tf and a tare coefficient of 0.265
will be:

e compared to a steel hopper car with an axle load of
25 tonnes and tare coefficient of 0.315-0.0025 ru-
bles/km (11 % of the cost rate);

e compared to a steel hopper car with 23.5 tonnes axle
load and tare coefficient 0.343-0.0007 rubles/tkm
(3 % of the cost rate).

So, the use of cars with aluminium alloy body
brings effect to the carrier both in terms of reduction
of train traction costs and track maintenance costs.

Effect for the consignor from reduction of tariff costs
when cargo is transported in a car with a higher

carrying capacity

The peculiarity of the current Price List is the in-
dependence of the tariff from the amount of cargo in

carriage. Therefore, at the considered transport work
of 3,6 - 10° tkm net the consignor, sending the cargo in
a car with a higher carrying capacity, reduces the num-
ber of consignments and due to this saves expenses for
tariff payment in loaded mode. The results of calcula-
tions are given in Table 14.

Thus, the consignor receives the main savings from
the use of cars with increased load capacity.

RESULTS OF THE STUDY

The use of cars with aluminium body brings ben-
efits to the freight carrier and consignor, as well as
to the national economy in general. Cost savings for
the annual volume of transport work 3.6 - 10 tkm net
when operating an aluminium hopper car of 12-1299
model will amount to:

e for the carrier due to saving of fuel costs for trac-
tion of trains in comparison with steel cars with
axial load of 25 tf — 20,087 rubles, in comparison
with cars with axial load of 23.5 tf — 41,407 rubles;

e for the carrier due to reduction of track mainte-
nance costs in comparison with steel cars with axi-
al load of 25 tf - 25,568 rubles, in comparison with
cars with axial load of 23.5 tf — 7,855 rubles;

e for the consignor due to reduction of expenses for
tariff payment in comparison with steel cars with
axial load of 25 tf — 188,980 rubles, in comparison
with cars with axial load of 23.5 tf — 416,940 rubles.

Table 14
Results of calculation of savings from the use of hopper car due to reduction of tariff costs (range ~1700 km)
Loaded mileage Increase in length Savings on tariff Savings on payment
Car model Carrying capacity, t km 98 | of loaded mileage, | payment for loaded of empty mileage Total
km mileage®, rubles tariff*, rubles
19-1299 79 45570 = = = =
19-9549 76 47368 1798 87,720 51,260 138,980
19-9814 70 51428 5858 263,160 153,780 416,940

Note:* — calculation according to ETRAN program.
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CONCLUSION

It is more expensive for the car owner to purchase
cars with aluminium bodies. In order to compensate for
the increased costs, it is advisable for the car owner to
increase the lease rate or to take measures for state sup-
port for the purchase of cars with smaller containers.
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The widespread use of aluminium alloy cars in
North America is due to energy savings for traction
by diesel locomotives, which have lower efficiency
compared to electric locomotives, and the high cost of
diesel fuel compared to fuel prices in the Russian Fed-
eration.
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